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CARRIERNANOPARTICLES AND RELATED 
COMPOSITIONS, METHODS AND SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. provisional appli 
cation Ser. No. 61/188,855, filed on Aug. 13, 2008 entitled 
“Delivery System Utilizing Couplings Between Polyols and 
Boronic Acids, incorporated herein by reference in its 
entirety. 

Government Rights 

This invention was made with government Support under 
CA 119347 awarded by the National Cancer Institute of the 
United States Department of Health and Human Services. 
The government has certain rights in the invention. 

FIELD 

The present disclosure relates to carrier nanoparticles and 
in particular to nanoparticles Suitable for delivering com 
pounds of interest, and related compositions, methods and 
systems. 

BACKGROUND 

Effective delivery of compounds of interest to cells, tis 
Sues, organs, and organisms has been a challenge in biomedi 
cine, imaging and other fields where delivery of molecules of 
various sizes and dimensions to a predetermined target is 
desirable. 

Whether for pathological examination, therapeutic treat 
ment or for fundamental biology studies, several methods are 
known and used for delivering various classes of biomaterials 
and biomolecules which are typically associated with a bio 
logical and/or chemical activity of interest. 
As the number of molecules suitable to be used as chemical 

or biological agents (e.g. drugs, biologics, therapeutic or 
imaging agents) increases, development of a delivery systems 
Suitable to be used with compounds of various complexity, 
dimensions and chemical nature has proven to be particularly 
challenging. 

Nanoparticles are structures useful as carriers for deliver 
ing agents with various methods of delivery. Several nano 
particle delivery systems exist, which utilize an array of dif 
ferent strategies to package, transport, and deliver an agent to 
specific targets. 

SUMMARY 

Provided herein are nanoparticles and related composi 
tions, methods and systems that in several embodiments pro 
vide a multifunctional tool for effective and specific delivery 
of a compound of interest. In particular, in several embodi 
ments, nanoparticles herein described can be used as a flex 
ible system for carrying and delivering a wide range of mol 
ecules of various sizes, dimensions and chemical nature to 
predetermined targets. 

According to a first aspect, a nanoparticle comprising a 
polymer containing a polyol and to a polymer containing a 
boronic acid is described. In the nanoparticle, the polymer 
containing a boronic acid is coupled to the polymer contain 
ing a polyol and the nanoparticle is configured to present the 
polymer containing a boronic acid to an environment external 
to the nanoparticle. In the nanoparticle one or more com 
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2 
pounds of interest can be carried by the nanoparticle, as a part 
of or attached to the polymer containing a polyol and/or the 
polymer containing a boronic acid. 

According to a second aspect, a composition is described. 
The composition comprises a nanoparticle herein described 
and a suitable vehicle and/or excipient. 

According to a third aspect, a method to deliver a com 
pound to a target is described. The method comprises con 
tacting the target with a nanoparticle herein described 
wherein the compound is comprised in the polymer contain 
ing a polyol or in the polymer containing a boronic acid of the 
nanoparticle herein described. 

According to a fourth aspect, a system to deliver a com 
pound to a target is described. The system comprises at least 
a polymer containing a polyol and polymer containing a 
boronic acid capable of reciprocal binding through a revers 
ible covalent linkage, to be assembled in a nanoparticle herein 
described comprising the compound. 

According to a fifth aspect, a method to administer a com 
pound to an individual is described. The method comprises 
administering to the individual an effective amount of a nano 
particle herein described, wherein the compound is com 
prised in the polymer containing a polyol and/or in the poly 
mer containing a boronic acid. 

According to a sixth aspect, a system for administering a 
compound to an individual is described. The system com 
prises, at least a polymer containing a polyol and polymer 
containing a boronic acid capable of reciprocal binding 
through a reversible covalent linkage, to be assembled in a 
nanoparticle herein described attaching the compound to be 
administered to the individual according to methods herein 
described. 

According to a seventh aspect, a method to prepare a nano 
particle comprising a polymer containing a polyol and a poly 
mer containing a boronic acid is described. The method com 
prises contacting the polymer containing polyols with the 
polymer containing a boronic acid for a time and under con 
dition to allow coupling of the polymer containing polyoly 
with the polymer containing a boronic acid. 

According to an eight aspect, several polymer containing a 
boronic acid are described which are illustrated in details in 
the following sections of the present disclosure. 

According to a ninth aspect, several polymers containing 
polyols are described, which are illustrated in details in the 
following sections of the present disclosure. 

Nanoparticles herein described and related compositions, 
methods, and systems can be used in several embodiments as 
a flexible molecular structure suitable for carrying com 
pounds of various sizes, dimensions and chemical nature. 

Nanoparticles herein described and related compositions, 
methods, and systems can be used in several embodiments as 
delivery systems which can provide protection of the carried 
compound from degradation, recognition by immune system 
and loss due to combination with serum proteins or blood 
cells. 

Nanoparticles herein described and related compositions, 
methods, and systems can be used in several embodiments as 
delivery systems characterized by steric stabilization and/or 
ability to deliver the compound to specific targets Such as 
tissues, specific cell types within a tissue and even specific 
intracellular locations within certain cell types. 

Nanoparticles herein described and related compositions, 
methods, and systems can be designed in several embodi 
ments, to release a carried compound in a controllable way, 
including controlled release of multiple compounds within a 
same nanoparticle at different rates and/or times. 



US 8,557,292 B2 
3 

Nanoparticles herein described and related compositions, 
methods, and systems can be used in several embodiments, to 
deliver compounds with enhanced specificity and/or selectiv 
ity during targeting and/or enhanced recognition of the com 
pound by the target compared to certain systems of the art. 

Nanoparticles herein described and related compositions, 
methods, and systems can be used in several embodiments in 
connection with applications wherein controlled delivery of a 
compound of interest is desirable, including but not limited to 
medical applications, such as therapeutics, diagnostics and 
clinical applications. Additional applications comprise bio 
logical analysis, Veterinary applications, and delivery of com 
pounds of interest in organisms other than animals, and in 
particular in plants. 
The details of one or more embodiments of the disclosure 

are set forth in the accompanying drawings and the detailed 
description and examples below. Other features, objects, and 
advantages will be apparent from the detailed description, 
examples and drawings, and from the appended claims 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated into 
and constitute a part of this specification, illustrate one or 
more embodiments of the present disclosure and, together 
with the detailed description and the examples, serve to 
explain the principles and implementations of the disclosure. 

FIG. 1 shows a schematic representation of a nanoparticle 
and a related method for the relevant formation in absence of 
a boronic acid containing compound. Panel A shows a sche 
matic representation of a polymer containing a polyol (MAP. 
4) and a compound of interest (nucleic acid) according to an 
embodiment herein described. Panel B shows a nanoparticle 
formed upon assembly of the polymer containing a polyol 
and compound shown in panel A. 

FIG. 2 shows a schematic representation of a nanoparticle 
and a related method of manufacturing according to an 
embodiment of the present disclosure. Panel A shows a poly 
mer containing a polyol (MAP 4) and a polymer containing a 
boronic acid (BA-PEG, 6) together with a molecule of interest 
(nucleic acid) according to an embodiment of the present 
disclosure. Panel B shows a BA-pegylated stabilized nano 
particle formed upon assembly of the polymers and com 
pound shown in panel A. 

FIG.3 shows formation of a complex comprising polymers 
containing polyols and a compound of interest according to 
an embodiment herein described. In particular, FIG.3, shows 
results of a MAP gel retardation assay with plasmid DNA 
according to an embodiment of the present disclosure. A 
DNA ladder is loaded in Lane 1. Lanes 2-8 show plasmid 
DNA combined with MAP of incrementally increased charge 
ratio. Charge ratio is defined as the amount of positive charges 
on the MAP divided by the amount of negative charges on the 
nucleic acid. 

FIG. 4 shows formation of a complex comprising polymers 
containing polyols and a compound of interest according to 
an embodiment herein described. In particular, FIG. 4 shows 
results of a MAP gel retardation assay with siRNA according 
to an embodiment of the present disclosure. A DNA ladder is 
loaded in Lane 1. Lanes 2-8 show siRNA combined with 
MAP of incrementally increased charge ratio. 

FIG. 5 shows properties of nanoparticles according to 
some embodiments herein described. In particular, FIG. 5 
shows a diagram illustrating a plot of particle size (deter 
mined from dynamic light scattering (DLS) measurements) 
Versus charge ratio and Zeta potential (a property that relates 
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4 
to the Surface charge of the nanoparticle) versus charge ratio 
for MAP-plasmid nanoparticles according to an embodiment 
of the present disclosure. 

FIG. 6 properties of nanoparticles according to some 
embodiments herein described. In particular, FIG. 6 shows a 
diagram illustrating a plot of particle size (DLS) versus 
charge ratio and Zeta potential versus charge ratio for BA 
PEGylated MAP-plasmid nanoparticles according to an 
embodiment of the present disclosure. 

FIG. 7 shows the salt stability of BA-PEGylated MAP 
Plasmid Nanoparticles according to an embodiment herein 
disclosed. PlotA: 5:1 BA-PEG+np+1xPBS after 5 mins; Plot 
B: 5:1 BA-PEG+mp, dialyzed 3x w/100 1xPBS after 5 
mins; Plot C: 5:1 prePEGylated w/BA-PEG+1xPBS after 5 
mins; Plot D: 5:1 prePEGylated w/BA-PEG, dialyze 3x 
w/100 kDa--PBS after 5 mins. 

FIG. 8 shows delivery of an agent to human cells in vitro 
with nanoparticles according to an embodiment herein 
described. In particular, FIG. 8 shows a diagram illustrating a 
plot of relative light units (RLU) that are a measure of the 
amount of luciferase protein expressed from the pGL3 plas 
mid that has been delivered to the cells versus charge ratio for 
a MAP/pGL3 transfection into HeLa Cells according to an 
embodiment of the present disclosure. 

FIG.9 shows delivery of an agent to a target with nanopar 
ticles according to an embodiment herein described. In par 
ticular, FIG. 9, shows a diagram illustrating a plot of cell 
survival versus charge ratio after a MAP/pGL3 transfection 
according to an embodiment of the present disclosure. The 
survival data are for the experiments shown in FIG. 8. 

FIG. 10 shows delivery of multiple compounds to a target 
with nanoparticles according to an embodiment herein 
described. In particular, FIG. 10 shows a diagram illustrating 
a plot of relative light units (RLU) versus particle type for a 
co-transfection of MAP Particles containing pGL3 and siCL3 
at a charge ratio of 5+/- into HeLa Cells according to an 
embodiment herein described. The wording siCON indicates 
an siRNA with a control sequence. 

FIG. 11 shows delivery of a compound to a target with 
nanoparticles according to an embodiment herein described. 
In particular, FIG. 11 shows a plot of relative light units 
(RLU) versus siCL3 concentration for a delivery of MAP/ 
SiGL3 at a charge ratio of 5+/- into HeLa-Luc cells according 
to an embodiment of the present disclosure. 

FIG. 12 shows a schematic representation of a synthesis of 
a polymer containing a boronic acid presenting a targeting 
ligand according to some embodiments herein described. In 
particular FIG. 12, show a schematic for a synthesis of 
boronic acid-PEG disulfide-Transferrin according to an 
embodiment of the present disclosure. 

FIG. 13 shows a schematic representation of a synthesis of 
a nanoparticle according to some embodiments herein 
described. In particular, FIG. 13 shows a schematic for a 
formulation of a nanoparticle with Campothecin Mucic acid 
polymer (CPT-mucic acid polymer) in water according to an 
embodiment of the present disclosure. 

FIG. 14 shows a table Summarizing particle sizes and Zeta 
potentials of nanoparticles formed from the CPT-mucic acid 
polymer conjugated in water, prepared according to an 
embodiment of the present disclosure. 

FIG. 15 shows a schematic representation of a synthesis of 
a nanoparticle according to some embodiments herein 
described. In particular, FIG. 15 shows a formulation of a 
boronic acid-PEGylated nanoparticle with CPT-Mucic Acid 
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Polymerandboronic acid-disulfide-PEG sooo in water accord 
ing to an embodiment of the present disclosure. 

DETAILED DESCRIPTION 

Provided herein are nanoparticles and related composi 
tions, methods, and systems that can be used in connection for 
delivering a compound of interest (herein also cargo) com 
prised in the nanoparticles. 
The term “nanoparticle' as used herein indicates a com 

posite structure of nanoscale dimensions. In particular, nano 
particles are typically particles of a size in the range of from 
about 1 to about 1000 nm, and are usually spherical although 
different morphologies are possible depending on the nano 
particle composition. The portion of the nanoparticle contact 
ing an environment external to the nanoparticle is generally 
identified as the Surface of the nanoparticle. In nanoparticles 
herein described, the size limitation can be restricted to two 
dimensions and so that nanoparticles herein described 
include composite structure having a diameter from about 1 to 
about 1000 nm, where the specific diameter depends on the 
nanoparticle composition and on the intended use of the 
nanoparticle according to the experimental design. For 
example, nanoparticles to be used in several therapeutic 
applications typically have a size of about 200 nm or below, 
and the ones used, in particular, for delivery associated to 
cancer treatment typically have a diameter from about 1 to 
about 100 nm. 

Additional desirable properties of the nanoparticle, such as 
Surface charges and steric stabilization, can also vary in view 
of the specific application of interest. Exemplary properties 
that can be desirable in clinical applications such as cancer 
treatmentare described in Davis et al., 2008, Duncan 2006 and 
Allen 2002 each incorporated herein by reference in its 
entirety. Additional properties are identifiable by a skilled 
person upon reading of the present disclosure. Nanoparticle 
dimensions and properties can be detected by techniques 
known in the art. Exemplary techniques to detect particles 
dimensions include but are not limited to dynamic light scat 
tering (DLS) and a variety of microscopies such at transmis 
sion electron microscopy (TEM) and atomic force micros 
copy (AFM). Exemplary techniques to detect particle 
morphology include but are not limited to TEM and AFM. 
Exemplary techniques to detect Surface charges of the nano 
particle include but are not limited to Zeta potential method. 
Additional techniques Suitable to detect other chemical prop 
erties comprise by H, B, and 'C and F NMR, UV/Vis 
and infrared/Raman spectroscopies and fluorescence spec 
troscopy (when nanoparticle is used in combination with 
fluorescent labels) and additional techniques identifiable by a 
skilled person. 

Nanoparticles and related compositions, methods, and sys 
tems herein described can be used to deliver a compound of 
interest and in particular an agent to a predetermined target. 
The term “deliver and “delivery” as used herein indicates 

the activity of affecting the spatial location of a compound, 
and in particular controlling said location. Accordingly, 
delivering a compound in the sense of the present disclosure 
indicates the ability to affect positioning and movement of the 
compound at a certain time under a certain set of conditions, 
so that the compound's positioning and movement under 
those conditions are altered with respect to the positioning 
and movement that the compound would otherwise have. 

In particular, delivery of a compound with respect to a 
reference endpoint indicates the ability to control positioning 
and movement of the compound so that the compound is 
eventually positioned on the selected reference endpoint. In 
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6 
an in vitro system, delivery of a compound is usually associ 
ated to a corresponding modification of the chemical and/or 
biological detectable properties and activities of the com 
pound. In an in vivo system, delivery of a compound is also 
typically associated with modification of the pharmacokinet 
ics and possibly pharmacodynamics of the compound. 

Pharmacokinetic of a compound indicates absorption, dis 
tribution, metabolism and excretion of the compound from 
the system, typically provided by the body of an individual. In 
particular the term “absorption' indicates the process of a 
substance entering the body, the term “distribution' indicates 
the dispersion or dissemination of substances throughout the 
fluids and tissues of the body, the term “metabolism’ indi 
cates the irreversible transformation of parent compounds 
into daughter metabolites and the term “excretion' indicates 
the elimination of the substances from the body. If the com 
pound is in a formulation, pharmacokinetics also comprises 
liberation of the compound from the formulation which indi 
cates process of release of the compound, typically a drug, 
from the formulation. The term “pharmacodynamic indi 
cates physiological effects of a compound on the body or on 
microorganisms or parasites within or on the body and the 
mechanisms of drug action and the relationship between drug 
concentration and effect. A skilled person will be able to 
identify the techniques and procedures suitable to detect 
pharmacokinetics and pharmacodynamic features and prop 
erties of a compound of interest and in particular of an agent 
of interest Such as a drug. 
The term 'agent” as used herein indicates a compound 

capable of exhibiting a chemical or biological activity asso 
ciated to the target. The term “chemical activity” as used 
herein indicates the ability of the molecule to perform a 
chemical reaction. The term biological activity as used herein 
indicates the ability of the molecule to affect a living matter. 
Exemplary chemical activities of agents comprise formation 
of a covalent or electrostatic interaction. Exemplary biologi 
cal activities of agents comprise production and Secretion of 
endogenous molecules, absorption and metabolization of 
endogenous or exogenous molecules and activation or deac 
tivation of genetic expression including transcription and 
translation of a gene of interest. 
The term “target as used herein indicates a biological 

system of interest including unicellular or pluricellular living 
organisms or any portion thereof and include in vitro or in 
Vivo biological systems or any portion thereof. 
The nanoparticles herein described a polymer containing a 

boronic acids is coupled to a polymer containing a polyol is 
arranged in the nanoparticle to be presented to an environ 
ment external to the nanoparticle. 
The term a “polymer as used herein indicates a large 

molecule composed of repeating structural units typically 
connected by covalent chemical bonds. A suitable polymer 
may be a linear and/or branched, and can take the form of a 
homopolymer or a co-polymer. If a co-polymer is used, the 
co-polymer may be a random copolymer or a branched co 
polymer. Exemplary polymers comprise water-dispersible 
and in particular water Soluble polymers. For example, Suit 
able polymers include, but are not limited to polysaccharides, 
polyesters, polyamides, polyethers, polycarbonates, poly 
acrylates, etc. Fortherapeutic and/or pharmaceutical uses and 
applications, the polymer should have a low toxicity profile 
and in particular that are not toxic or cytotoxic. Suitable 
polymers include polymers having a molecular weight of 
about 500,000 or below. In particular, suitable polymers can 
have a molecular weight of about 100,000 and below. 
The term “polymer containing a polyol’ or “polyol(s) 

polymeras used herein indicates a polymer presenting mul 
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tiple hydroxyl functional groups. In particular, the polymer 
containing a polyol Suitable to form the nanoparticles here 
described comprise polymers presenting at least a portion of 
the hydroxyl functional groups for a coupling interaction with 
at least one boronic acid of a polymer containing a boronic 
acid. 
The term “present as used herein with reference to a 

compound or functional group indicates attachment per 
formed to maintain the chemical reactivity of the compound 
or functional group as attached. Accordingly, a functional 
group presented on a surface, is able to perform under the 
appropriate conditions the one or more chemical reactions 
that chemically characterize the functional group. 

Structural units forming polymers containing polyols com 
prise monomeric polyols such as pentaerythritol, ethylene 
glycol and glycerin. Exemplary polymers containing polyols 
comprise polyesters, polyethers and polysaccharides. Exem 
plary suitable polyethers include but are not limited to diols 
and in particular diols with the general formula HO— 
(CH2CH2O), H with pel, such as polyethylene glycol, 
polypropylene glycol, and poly(tetramethylene ether) glycol. 
Exemplary, Suitable polysaccharides include but are not lim 
ited to cyclodextrins, starch, glycogen, cellulose, chitin and 
B-Glucans. Exemplary, Suitable polyesters include but are not 
limited to polycarbonate, polybutyrate and polyethylene 
terephthalate, all terminated with hydroxyl end groups. 
Exemplary polymers containing polyols comprise polymers 
of about 500,000 or less molecular weight and in particular 
from about 300 to about 100,000. 

Several polymers containing polyols are commercially 
available and/or can be produced using techniques and pro 
cedures identifiable by a skilled person. Exemplary proce 
dures for the synthesis of an exemplary polyol polymer are 
described in Liu et al 2005, and others are illustrated in 
Examples 1-4. Additional procedures for making polymer 
containing polyols will be identifiable by a skilled person in 
view of the present disclosure. 
The term “polymer containing a boronic acid' or “BA 

polymeras used herein indicates polymer containing at least 
one boronic acid group presented for binding to a hydroxyl 
group of a polymer containing polyols. In particular, poly 
mers containing boronic acids of the nanoparticles herein 
described include a polymer comprising in at least one struc 
tural unit an alkyl or aryl Substituted boronic acid containing 
a carbon to boron chemical bond. Suitable BA polymers 
comprise polymers wherein boronic acid is in a terminal 
structural unit or in any other suitable position to provide the 
resulting polymer with hydrophilic properties. Exemplary 
polymers containing polyols comprise polymers of about 
40,000 or less molecular weight and in particular of about 
20,000 or less, or about 10,000 or less. 

Several polymer containing a boronic acids are commer 
cially available and/or can be produced using techniques and 
procedures identifiable by a skilled person. Exemplary pro 
cedures for the synthesis of an exemplary polyol polymer are 
described in Liu and Reineke (2005) and other new ones are 
illustrated in Examples 5-8. Additional procedures for mak 
ing BA polymers will be identifiable by a skilled person in 
view of the present disclosure. 

In the nanoparticles herein described polyols polymers are 
coupled to the BA polymers. The term “coupled' or “cou 
pling as used herein with reference to attachment between 
two molecules indicates an interaction forming a reversible 
covalent linkage. In particular, in presence of a Suitable 
medium, a boronic acid presented on the BA polymer interact 
with hydroxyl groups of the polyols via a rapid and reversible 
pair-wise covalent interaction to form boronic esters in a 
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8 
suitable medium. Suitable medium include water and several 
aqueous solutions and additional organic media identifiable 
by a skilled person. In particular, when contacted in an aque 
ous medium BA polymers and polyols polymers react, pro 
ducing water as a side product. The boronic acid polyol inter 
action is generally more favorable in aqueous solutions but is 
also known to proceed in organic media. In addition, cyclic 
esters formed with 1.2 and 1.3 diols are generally more stable 
than their acyclic ester counterparts. 

Accordingly, in a nanoparticle herein described, at least 
one boronic acid of the polymer containing a boronic acid is 
bound to hydroxyl groups of the polymer containing a polyol 
with a reversible covalent linkage. Formation of a boronic 
ester between BA polymers and polyols polymers can be 
detected by methods and techniques identifiable by a skilled 
person such as boron-11 nuclear magnetic resonance (''B 
NMR), potentiomeric titration, UV/Vis and fluorescent 
detection techniques whereby the technique of choice is 
dependent on the specific chemical nature and properties of 
the boronic acid and polyol composing the nanoparticle. 
A nanoparticle resulting from coupling interactions of a 

BA polymer herein described with a polyol polymer herein 
described presents the BA polymer on the surface of the 
particle. In several embodiments the nanoparticles can have a 
diameter from about 1 to about 1000 nm and a spherical 
morphology although the dimensions and morphology of the 
particle are largely determined by the specific BA polymer 
and polyol polymers used to form the nanoparticles and by the 
compounds that are carried on the nanoparticles according to 
the present disclosure. 

In several embodiments the compound of interest carried 
by the nanoparticle forms part of the BA polymer and/or the 
polyol polymers. Examples of Such embodiments are pro 
vided by nanoparticles wherein one or more atoms of a poly 
mer is replaced by a specific isotope e.g. 'F and "B, and are 
therefore Suitable as agent for imaging the target and/or pro 
viding radiation treatment to the target. 

In several embodiments, the compound of interest carried 
the nanoparticle is attached to a polymer, typically a polyol 
polymer, through covalent or noncovalent linkage. Examples 
of such embodiments are provided by nanoparticles wherein 
one or more moieties in at least one of the polyol polymer and 
BA polymer attaches one or more compounds of interest. 
The term “attach”, “attached' or “attachment” as used 

herein, refers to connecting or uniting by a bond, link, force or 
tie in order to keep two or more components together, which 
encompasses either director indirect attachment such that for 
example where a first compound is directly bound to a second 
compound, and the embodiments wherein one or more inter 
mediate compounds, and in particular molecules, are dis 
posed between the first compound and the second compound. 

In particular, in Some embodiments a compound can be 
attached to the polyol polymer or BA polymer through cova 
lent linkage of the compound to suitable moieties of the 
polymer. Exemplary covalent linkages are illustrated in 
Example 19 where, attachment of the drug Camptothecinto 
Mucic Acid polymer is performed through biodegradable 
ester bond linkage, and in Example 9, wherein attachment of 
transferrin to BA-PEG sooo is performed through pegylation 
of the transferrin. 

In some embodiments, the polymer can be designed or 
modified to enable the attachment of a specific compound of 
interest, for example by adding one or more functional groups 
able to specifically bind a corresponding functional group on 
the compound of interest. For example, in several embodi 
ments it is possible to PEGylate the nanoparticle with a BA 
PEG-X, where X can be a Maleimide or an iodoacetyl group 
or any leaving group that will react specifically with a thiol or 
non-specifically with an amine. The compound to be attached 
can then react to the maleimide or iodoacetyl groups after 
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modification to express a thiol functional group. The com 
pound to be attached can also be modified with aldehydes or 
ketone groups and these can react via a condensation reaction 
with the diols on the polyols to give acetals or ketals. 

In some embodiments, a compound of interest can be 
attached to the polyol polymer or BA polymer through non 
covalent bonds Such as ionic bonds and intermolecular inter 
actions, between a compound to be attached and a suitable 
moiety of the polymer. Exemplary non covalent linkages are 
illustrated in Example 10. 
A compound of interest can be attached to the nanoparticle 

before, upon or after formation of the nanoparticle, for 
example via modification of a polymer and/or of any attached 
compound in the particulate composite. Exemplary proce 
dures to perform attachment of a compound on the nanopar 
ticle are illustrated in the Examples section. Additional pro 
cedures to attach a compound to a BA polymer polyol 
polymer or other components of the nanoparticle herein 
described (e.g. a previously introduced compound of interest) 
can be identified by a skilled person upon reading of the 
present disclosure. 

In some embodiments, at least one compound of interest 
attached to a BA polymer presented on the nanoparticle 
herein described is an agent that can be used as a targeting 
ligand. In particular, in several embodiments, the nanopar 
ticle attaches on the BA polymer one or more agents to be 
used as a targeting ligand, and on the polyol polymer and/or 
the BA polymer, one or more agents to be delivered to a target 
of choice. 
The term “targeting ligand’ as used in the present disclo 

sure indicates any molecule that can be presented on the 
Surface of a nanoparticle for the purpose of engaging a spe 
cific target, and in particular specific cellular recognition, for 
example by enabling cell receptor attachment of the nanopar 
ticle. Examples of suitable ligands include, but are not limited 
to, Vitamins (e.g. folic acid), proteins (e.g. transferrin, and 
monoclonal antibodies), monosaccharides (e.g. galactose), 
peptides, and polysaccharides. In particular targeting ligands 
can be antibodies against certain Surface cell receptors such as 
anti-VEGF, small molecules such as folic acid and other 
proteins such as holo-transferrin. 
The choice of ligand, as one of ordinary skill appreciates, 

may vary depending upon the type of delivery desired. As 
another example, the ligand may be membrane permeabiliz 
ing or membrane permeable agent such as the TAT protein 
from HIV-1. The TAT protein is a viral transcriptional activa 
tion that is actively imported into the cell nucleus. Torchilin, 
V. P. et al., PNAS. 98,8786.8791, (2001). Suitable targeting 
ligands attached to a BA polymer typically comprise a flex 
ible spacer Such as a poly(ethylene oxide) with a boronic acid 
attached to its distal end (see Example 9). 

In several embodiments, at least one of the compounds 
comprised or attached to the polyol polymer and/or BA poly 
mer (including a targeting ligand) can be an agent and in 
particular a drug, to be delivered to a target, for example an 
individual, to which the chemical or biological activity, e.g. 
the therapeutic activity, is to be exerted. 

Selection of a polyol polymer and a BA polymer suitable to 
form a nanoparticle herein described can be performed in 
view of the compound and the target of interest. In particular, 
selection of a suitable polymer containing a polyol and a 
suitable BA polymer to form a nanoparticle herein described 
can be performed by providing candidate polyol polymers 
and BA polymer, and selecting the polyol polymerand the BA 
polymerable to form a coupling interaction in the sense of the 
disclosure, wherein the selected BA polymerand polyol poly 
mer have a chemical composition Such that in view of the 
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10 
compound of interest and targeting ligand to comprised or 
attached to the polyol polymers and/or the BA polymers, the 
polyol polymers is less hydrophilic than the BA polymer. 
Detection of the BA polymer on the surface of the nanopar 
ticle and related presentation on the environment external to 
the nanoparticle can be performed by detection of the Zeta 
potential which can demonstrate modification of the Surface 
of the nanoparticle as illustrated in Example 12. (see in par 
ticular FIG. 6) Additional procedures to detect the surface 
charge of the particles and the stability of the particles in salt 
Solutions, include detection of changes of the particle size 
Such as the ones exemplified in Example 12 (see in particular 
FIG. 7) and additional procedures identifiable by a skilled 
person 

In several embodiments, polymers containing polyols 
comprise one or more of at least one of the following struc 
tural units 

(I) 

- A -b) 
-( , )--a-- 

wherein 
A is an organic moiety of formula 

(II) 

(III) 

(IV) 
OH 

XY 
R R2 

in which 
R and R are independently selected from any carbon 

based or organic group with a molecular weight of about 
10 kDa or less; 

X is independently selected from an aliphatic group, con 
taining one or more of—H. —F. —C. —N or —O; and 

Y is independently selected from —OH or an organic 
moiety bearing a hydroxyl (-OH) group including but 
not limited to CH-OH, -CHCH-OH, -CFOH, 
—CFCFOH, and C(RG)(RG)(RG)OH, with 
RG, R1G and RGs are independently organic based 
functionalities, and 

B is an organic moiety linking one of R and R of a first A 
moiety with one of the R and R2 of a second A moiety. 
The term "moiety' as used herein indicates a group of 

atoms that constitute a portion of a larger molecule or molecu 
lar species. In particular, a moiety refers to a constituent of a 
repeated polymer structural unit. Exemplary moieties include 
acid or base species, Sugars, carbohydrates, alkyl groups, aryl 
groups and any other molecular constituent useful informing 
a polymer structural unit. 
The term “organic moiety' as used herein indicates a moi 

ety which contains a carbon atom. In particular, organic 
groups include natural and synthetic compounds, and com 
pounds including heteroatoms. Exemplary natural organic 
moieties include but are not limited to most Sugars, some 
alkaloids and terpenoids, carbohydrates, lipids and fatty 
acids, nucleic acids, proteins, peptides and amino acids, Vita 
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mins and fats and oils. Synthetic organic groups refer to 
compounds that are prepared by reaction with other com 
pounds. 

In several embodiments, one or more compounds of inter 
est can be attached to (A), to (B) or to (A) and (B). 

In several embodiments, RandR independently have the 
formula: 

(V) 

^-1- en1, 

wherein 
d is from 0 to 100 
e is from 0 to 100 
f is from 0 to 100, 
Z is a covalent bond that links one organic moiety to 

another and in particular to another moiety Aora moiety Bas 
herein defined. and 
Z is independently selected from —NH —OH, -SH, 

and COOH 
In several embodiments, Z can independently be selected 

from NH-, -C(=O)NH-, -NH C(=O), -SS , 
—C(=O)C) , NH(—NH)– or - O C(=O)– 

In several embodiments where the structural unit A of a 
polymer containing a polyol has formula (IV), X can be 
CH, where v=0-5 and Y can be —OH 

In some embodiments, R1 and/or R2 have formula (V) 
where Z is NH(-NH)– and/or Z is NH. 

HO O 
O 

HN 1 

In several embodiments, in polymers containing a polyol 
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25 

12 
-continued 

VII 

Z N-N 
H 

H 

N-1Nz. and 

VIII 

O 

~en~). N(-nor- Z pi 

O 

wherein 
the spacer is independently selected from any organic moi 

ety, and in particular can include alkyl, phenyl or alkoxy 
groups optionally containing a heteroatom, such as Sulfur, 
nitrogen, oxygen or fluorine; 

the amino acid is selected from any organic group bearing 
a free amine and a free carboxylic acid group; 

n is from 1 to 20; and 
Z is independently selected from NH, OH, -SH, 

and COOH. 
In several embodiments, Z1 is NH, and/or the sugar can be 

any monosaccharide Such as glucose, fructose, mannitol, 
Sucrose, galactose, Sorbitol. Xylose or galactose. 

In several embodiments, in polymers containing a polyol 
of the particle herein described one or more structural units 
(A) can independently have the formula 

XI 

In several embodiments, (B) can beformed by any straight, 
of the particle herein described (A) can be independently 55 branched, symmetric or asymmetric compound linking the 
selected from the formulas 

VI 

N-spacer ino acid Amino acid, space-N1\Sugar 

60 

65 

two (A) moieties through functional groups. 
In several embodiments, (B) can beformed by a compound 

where at least two cross-linkable groups linking the two (A) 
moieties. 

In some embodiments, (B) contains a neutral, cationic or 
anionic organic group whose nature and composition is 
dependent on the chemical nature of the compound to be 
covalently or non-covalently tethered 

Exemplary cationic moieties of (B) for use with anionic 
cargo include, but are not limited to, organic groups bearing 
amidines groups, quartenary ammoniums, primary amine 
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group, secondary amine group, tertiary amine groups (proto 
nated below their pKa’s), and immidazoliums 

Exemplary anionic moieties contained in (B) for use with 
cationic cargo include, but are not limited to, organic groups 
bearing Sulfonates of formula, nitrates of formula, carboxy 
lates of formula, and phosphonates 

In particular one or more cationic or anionic moieties (B) 
for use with anionic cargo and cationic cargos respectively 
can independently have a general formula of: 

(XII) 
Rs Organic group Rs 

wherein Rs is an electrophilic group that can be covalently 
linked to A when A contains nucleophilic groups. Examples 
of Rs in this case include but are not limited to 

C(=O)CH, —C(=O)Cl. C(=O)NHS, 
—C(=NH)OMe, S(=O)CC1 , —CHBr, alkyl and 
aromatic esters, terminal alkynes, tosylate, and mesylate 
amongst several others. In the case where moiety A contains 
electrophilic end groups, Rs will bear nucleophilic groups 
such as —NH (primary amines), —OH, -SH, N, and sec 
ondary amines. 

In particular, when moiety (B) is a cationic moiety (B) for 
use with anionic cargo the “organic group' is an organic 
moiety that can have a backbone with a general formula 
consisting of CH2, with m>1 and other heteroatoms and 
must contain at least one of the following functional groups 
including amidines of formula (XIII), quartenary ammoni 
ums of formula (XIV), primary amine group of formula 
(XV), secondary amine group of formula (XVI), tertiary 
amine groups of formula (XVII) (protonated below their 
pKa’s), and immidazoliums of formula (XVIII) 

(XIII) 
-- 

u 
(XIV) 

1. 
1N 

(XV) 
-NH. 

(XVI) 

1. NH 

(XVII) 

1N 
(XVIII) 

N4S1 

In embodiments, when moiety (B) is an anionic moiety (B) 
for use with cationic cargo, the “organic group' may have a 
backbone with a general formula consisting of CH, with 
mal and other heteroatoms and must contain at least one of 
the following functional groups including Sulfonates of for 
mula (XIX), nitrates of formula (XX), carboxylates of for 
mula (XXI), and phosphonates of formula (XXII) 
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(XIX) 

(XX) 

(XXI) 

(XXII) 

cano 

In embodiments wherein (B) is comprised by carboxylates 
(XXI), a compound containing primary amine or hydroxyl 
groups can also be attached via the formation of a peptide or 
an ester bond. 

In embodiments wherein (B) is comprised of primary 
amine group of formula (XV), and/or secondary amine group 
of formula (XVI), a compound containing carboxylic acid 
groups can also be attached via the formation of a peptide 
bond. 

In several embodiments moiety (B) can independently be 
selected from 

(XXIII) 

(XXIV) 

in which 

q is from 1 to 20; and in particular can be 5 
p is from 20 to 200; and 
L is a leaving group. 
The term “leaving group’ as used herein indicates a 

molecular fragment that departs with a pair of electrons in 
heterolytic bond cleavage. In particular, a leaving group can 
be anions or neutral molecules, and the ability of a leaving 
group to depart is correlated with the pKa of the conjugate 
acid, with lower pK, being associated with better leaving 
group ability. Exemplary anionic leaving groups include 
halides such as Cl, Br, and I, and sulfonate esters, such as 
para-toluenesulfonate or “tosylate” (TsO). Exemplary neu 
tral molecule leaving groups are water (H2O), ammonia 
(NH), and alcohols (ROH). 

In particular, in several embodiments, L can be a chloride 
(Cl), methoxy (OMe), thutoxy (OtBU) or N hydrosuccinim 
ide (NHS). 
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In some embodiments the structural unit of formula (I) can 
have formula 

In some embodiments the structural unit of formula (II) can 
have formula 

NH 

In some embodiments the structural unit of formula (III) 25 
can have formula 

(XXVII) 

30 

--- N-4) O 
(XXVIII) 

35 

N 
(1o pi 

40 in which 
n is from 1 to 20 and in particular from 1 to 4. 
In some embodiments, the polymer containing polyol can 

have the formula 

-- 

NH 
H 
N 

n-n 

In some embodiments, the polymer containing a boronic 
acid contains at least one terminal boronic acid group and has 
the following structure: 

55 

(XXX) 
60 

( Functional group 1 ser}(r, Functional group 2 ) 
a Y 'a-OH 

B 

y 65 

16 

(XXVI) 

H N-r 
NH2 
-- 

wherein 
R and R can be independently selected from any hydro 

philic organic polymer, and in particular can indepen 
dently be any poly(ethylene oxides), and Zwitterionic 
polymers. 

X can be an organic moiety containing one or more of 
—CH, —N, or—B 

Y can be an alkyl group with a formula —CH2—with 
mal, possibly containing olefins or alkynyl groups, or 
an aromatic group Such as a phenyl, biphenyl, napthyl or 
anthracenyl 

r is from 1 to 1000, 
a is from 0 to 3, and 
b is from 0 to 3 

and wherein functional group 1 and functional group 2 are the 
same or different and are able to bind to a targeting ligand, and 
in particular a protein, antibody or peptide, or is an end group 
such as —OH, - OCH or —(X)—(Y) B(OH)— 

In some embodiments, R and R are (CH2CH2O), where 
t is from 2 to 2000 and in particular from 100 to 300 

H 
N 
n1n N 

H 

NH2 
-- 

In some embodiments X can be —NH CO =O)—, 
S—S , C(=O) NH , O C(=O) O 

—C(=O)—O— and/or Y can be a phenyl group. 
In some embodiments r can be 1, a can be 0 and b can be 1. 
In some embodiments, functional group 1 and functional 

group 2 are the same or different and are independently 
selected from. —B(OH), —OCH —OH. 

In particular, functional group 1 and/or 2 of formula 
(XXXI) can be a functional group able to bind a cargo and in 
particular a targeting ligand Such as a protein, antibody or 
peptide, or can be an end group Such as —OH, - OCH or 
—(X) —(Y) B(OH). 
The term “functional group’ as used herein indicates spe 

cific groups of atoms within a molecular structure or portion 

(XXIX) 
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thereof that are responsible for the characteristic chemical 
reactions of that structure orportion thereof. Exemplary func 
tional groups include hydrocarbons, groups containing halo 
gen, groups containing oxygen, groups containing nitrogen 
and groups containing phosphorus and Sulfur all identifiable 
by a skilled person. In particular, functional groups in the 
sense of the present disclosure include a carboxylic acid, 
amine, triarylphosphine, azide, acetylene, Sulfonyl azide, thio 
acid and aldehyde. In particular, for example, a functional 
group able to bind a corresponding functional group in a 
targeting ligand can be selected to comprise the following 
binding partners: carboxylic acid group and amine group, 
azide and acetylene groups, azide and triarylphosphine 
group, Sulfonyl azide and thio acid, and aldehyde and primary 
amine. Additional functional groups can be identified by a 
skilled person upon reading of the present disclosure. As used 
herein, the term “corresponding functional group' refers to a 
functional group that can react to another functional group. 
Thus, functional groups that can react with each other can be 
referred to as corresponding functional groups. 
An end-group indicates a constitutional unit that is an 

extremity of a macromolecule or oligomer molecule. For 
example the end-group of a PET polyester may be an alcohol 
group or a carboxylic acid group. End groups can be used to 
determine molar mass. Exemplary end groups comprise 
–OH. -COOH, NH, and OCH, 

In some embodiments, the polymer containing boronic 
acid can have formula 

O 

Chrir H S 

HO 

OH 

(XXXI) 

wherein S is from 20 to 300. 
Exemplary agents and targeting ligands that can be 

attached to nanoparticles of the present disclosure comprise 
organic or inorganic molecules, including polynucleotides, 
nucleotides, aptamers polypeptides, proteins, polysaccha 
rides macromolecular complexes including but not limited to 
those comprising a mixture of protein and polynucleotides, 
saccharides and/or polysaccharides, viruses, molecules with 
radioisotopes, antibodies or antibody fragments. 
The term “polynucleotide' as used herein indicates an 

organic polymer composed of two or more monomers includ 
ing nucleotides, nucleosides or analogs thereof. The term 
“nucleotide' refers to any of several compounds that consist 
of a ribose or deoxyribose Sugar joined to a purine or pyrimi 
dine base and to a phosphate group and that is the basic 
structural unit of nucleic acids. The term “nucleoside' refers 
to a compound (such as guanosine or adenosine) that consists 
of a purine or pyrimidine base combined with deoxyribose or 
ribose and is found especially in nucleic acids. The term 
“nucleotide analog or “nucleoside analog refers respec 
tively to a nucleotide or nucleoside in which one or more 
individual atoms have been replaced with a different atom or 
a with a different functional group. Accordingly, the term 
"polynucleotide' includes nucleic acids of any length, and in 
particular DNA, RNA, analogs and fragments thereof. A 
polynucleotide of three or more nucleotides is also called 
“nucleotidic oligomer' or "oligonucleotide.” 
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18 
The term “aptamers' as used here indicates oligonucleic 

acid or peptide molecules that bind a specific target. In par 
ticular, nucleic acid aptamers can comprise, for example, 
nucleic acid species that have been engineered through 
repeated rounds of in vitro selection or equivalently, SELEX 
(systematic evolution of ligands by exponential enrichment) 
to bind to various molecular targets Such as Small molecules, 
proteins, nucleic acids, and even cells, tissues and organisms. 
Aptamers are useful in biotechnological and therapeutic 
applications as they offer molecular recognition properties 
that rival that of the antibodies, Peptide aptamers are peptides 
that are designed to specifically bind to and interfere with 
protein-protein interactions inside cells. In particular, peptide 
aptamers can be derived, for example, according to a selec 
tion strategy that is derived from the yeast two-hybrid (Y2H) 
system. In particular, according to this strategy, a variable 
peptide aptamer loop attached to a transcription factor bind 
ing domain is screened against the target protein attached to a 
transcription factor activating domain. In vivo binding of the 
peptide aptamer to its target via this selection strategy is 
detected as expression of a downstream yeast marker gene. 
The term “polypeptide' as used herein indicates an organic 

linear, circular, or branched polymer composed of two or 
more amino acid monomers and/or analogs thereof. The term 
"polypeptide' includes amino acid polymers of any length 
including full length proteins and peptides, as well as analogs 
and fragments thereof. A polypeptide of three or more amino 
acids is also called a protein oligomer, peptide or oligopep 
tide. In particular, the terms “peptide' and "oligopeptide' 
usually indicate a polypeptide with less than 50 amino acid 
monomers. As used herein the term "amino acid”, “amino 
acidic monomer', or "amino acid residue” refers to any of the 
twenty naturally occurring amino acids, non-natural amino 
acids, and artificial amino acids and includes both Dan L 
optical isomers. In particular, non-natural amino acids 
include D-stereoisomers of naturally occurring amino acids 
(these including useful ligand building blocks because they 
are not susceptible to enzymatic degradation). The term “arti 
ficial amino acids’ indicate molecules that can be readily 
coupled together using standard amino acid coupling chem 
istry, but with molecular structures that do not resemble the 
naturally occurring amino acids. The term "amino acid ana 
log refers to an amino acid in which one or more individual 
atoms have been replaced, either with a different atom, iso 
tope, or with a different functional group but is otherwise 
identical to original amino acid from which the analog is 
derived. All of these amino acids can be synthetically incor 
porated into a peptide or polypeptide using standard amino 
acid coupling chemistries. The term “polypeptide' as used 
herein includes polymers comprising one or more monomer, 
or building blocks other than an amino acid monomer. The 
terms monomer, Subunit, or building blocks indicate chemi 
cal compounds that under appropriate conditions can become 
chemically bonded to another monomer of the same or dif 
ferent chemical nature to form a polymer. The term “polypep 
tide' is further intended to comprise a polymer wherein one or 
more of the building blocks is covalently bound to another by 
a chemical bond other than amide or peptide bond. 
The term “protein’ as used herein indicates a polypeptide 

with a particular secondary and tertiary structure that can 
participate in, but not limited to, interactions with other bio 
molecules including other proteins, DNA, RNA, lipids, 
metabolites, hormones, chemokines, and Small molecules. 
Exemplary proteins herein described are antibodies. 
The term “antibody' as used herein refers to a protein of the 

kind that is produced by activated B cells after stimulation by 
an antigen and can bind specifically to the antigen promoting 
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an immune response in biological systems. Full antibodies 
typically consist of four Subunits including two heavy chains 
and two light chains. The term antibody includes natural and 
synthetic antibodies, including but not limited to monoclonal 
antibodies, polyclonal antibodies or fragments thereof. 
Exemplary antibodies include IgA, Ig), IgG1, IgG2, IgG3. 
IgM and the like. Exemplary fragments include Fab Fv, Fab' 
F(ab') and the like. A monoclonal antibody is an antibody 
that specifically binds to and is thereby defined as comple 
mentary to a single particular spatial and polar organization of 
another biomolecule which is termed an “epitope'. In some 
forms, monoclonal antibodies can also have the same struc 
ture. A polyclonal antibody refers to a mixture of different 
monoclonal antibodies. In some forms, polyclonal antibodies 
can be a mixture of monoclonal antibodies where at least two 
of the monoclonal antibodies binding to a different antigenic 
epitope. The different antigenic epitopes can be on the same 
target, different targets, or a combination. Antibodies can be 
prepared by techniques that are well known in the art, such as 
immunization of a host and collection of Sera (polyclonal) or 
by preparing continuous hybridoma cell lines and collecting 
the secreted protein (monoclonal). 

In several embodiments, polyol polymers form a non-co 
Valent complex or linkage with one or more compounds of 
interest to be delivered according to the schematic illustration 
of FIGS. 1 and 2. 

In several embodiments, a nanoparticle structure com 
prises an agent and a polymer containing a polyol, where the 
agent is linked to a polyol polymer by a covalent bond. An 
example of a polyol polymer conjugated to an agent is 
detailed in Examples 16-21. In these embodiments, polyol 
polymers conjugated to an agent (herein referred to as "polyol 
polymer-agent conjugate') form nanoparticles whose struc 
ture presents sites on their surface for interaction with BA 
molecules. 

In several of those embodiments, the nanoparticle further 
comprises BA polymers configured to provide steric stabili 
Zation and/or targeting functionality to the nanoparticle. In 
particular, in those embodiments the addition of a BA poly 
mer allows minimizing of self-aggregation and undesired 
interactions with other nanoparticles, thus providing 
enhanced salt and serum stability. For example, Steric stabi 
lization is herein provided by the BA polymer having PEG as 
illustrated by the exemplary nanoparticle described in 
Example 12. 

In Such embodiments, the structure of this nanoparticle 
affords several advantages over agents delivery methods of 
the prior art, such as the ability to provide controlled release 
of one or more agents. This feature can be provided, for 
example, by the use of a biodegradable ester linkage between 
the agent and the polyol polymer. A person skilled in the art 
will recognize other potential linkages suitable for this pur 
pose. In these embodiments, another advantage is the ability 
to provide specific targeting of the agent through the BA 
polymer moiety. 

In several embodiments, BA polymers may comprise a 
fluorinated boronic acid (Example 7) or a fluorinated cleav 
able boronic acid (Example 8) capable of being used as an 
imaging agent in MRI or other similar techniques. Such an 
imaging agent may be useful for tracking the pharmacokinet 
ics or pharmacodynamics of an agent delivered by the nano 
particle. 

In several embodiments, a nanoparticle structure com 
prises an agent and a polyol polymer, where the nanoparticle 
is a modified liposome. In these embodiments, the modified 
liposome comprises lipids conjugated to polyol polymers via 
a covalent linkage such that the Surface of the liposome pre 
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sents polyol polymers. In these embodiments, the modified 
liposomes form such that the agents to be delivered are con 
tained within the liposome nanoparticle. 
The term “liposome as used herein indicates a vesicular 

structure comprised of lipids. The lipids typically have a tail 
group comprising along hydrocarbon chain and a hydrophilic 
head group. The lipids are arranged to form a lipid bilayer 
with an inner aqueous environment Suitable to contain an 
agent to be delivered. Such liposomes present an outer Surface 
that may comprise Suitable targeting ligands or molecules for 
specific recognition by cell Surface receptors or other targets 
of interest. 
The term “conjugated as used herein indicates that one 

molecule has formed a covalent bond with a second molecule 
and includes linkages where atoms covalently bond with 
alternating single and multiple (e.g. double) bonds (e.g., 
C=C C=C C) and influence each other to produce elec 
tron delocalization. 

In yet other embodiments of the present disclosure, a nano 
particle structure comprises an agent and a polyol, where the 
nanoparticle is a modified micelle. In these embodiments, the 
modified micelle comprises polyol polymers modified to con 
tain a hydrophobic polymer block. 
The term “hydrophobic polymer block” as used in the 

present disclosure indicates a segment of the polymer that on 
its own would be hydrophobic. 
The term “micelle' as used herein refers to an aggregate of 

molecules dispersed in a liquid. A typical micelle in aqueous 
Solution forms an aggregate with the hydrophilic “head' 
regions in contact with Surrounding solvent, sequestering the 
hydrophobic single tail regions in the micelle centre. In the 
present disclosure the head region may be, for example, a 
Surface region of the polyol polymer while the tail region may 
be, for example, the hydrophobic polymer block region of the 
polyol polymer. 

In these embodiments, polyol polymers with a hydropho 
bic polymer block, when mixed with an agent to be delivered, 
arrange to form a nanoparticle that is a modified micelle with 
agents to be delivered contained within the nanoparticle. 
Such nanoparticle embodiments present polyol polymers on 
their surface that are suitable to interact with BA polymers 
that do or do not have targeting functionality according to 
previous embodiments. In these embodiments, BA polymers 
capable of use for this purpose include those with hydrophilic 
A and hydrophobic B in formula (I) or (II). This interaction 
provides the same or similar advantages as it does for other 
nanoparticle embodiments mentioned above. 

In some embodiments, nanoparticles or related compo 
nents can be comprised in a composition together with an 
acceptable vehicle. The term “vehicle' as used herein indi 
cates any of various media acting usually as solvents, carriers, 
binders, excipients or diluents for a nanoparticle comprised in 
the composition as an active ingredient. 

In some embodiments, where the composition is to be 
administered to an individual the composition can be a phar 
maceutical composition and the acceptable vehicle can be a 
pharmaceutically acceptable vehicle. 

In some embodiments, a nanoparticle can be included in 
pharmaceutical compositions together with an excipient or 
diluent. In particular, in some embodiments, pharmaceutical 
compositions are disclosed which contain nanoparticle, in 
combination with one or more compatible and pharmaceuti 
cally acceptable vehicle, and in particular with pharmaceuti 
cally acceptable diluents or excipients. 
The term “excipient’ as used herein indicates an inactive 

Substance used as a carrier for the active ingredients of a 
medication. Suitable excipients for the pharmaceutical com 
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positions herein disclosed include any Substance that 
enhances the ability of the body of an individual to absorb the 
nanoparticle. Suitable excipients also include any Substance 
that can be used to bulk up formulations with nanoparticles to 
allow for convenient and accurate dosage. In addition to their 
use in the single-dosage quantity, excipients can be used in the 
manufacturing process to aid in the handling of nanoparticles. 
Depending on the route of administration, and form of medi 
cation, different excipients may be used. Exemplary excipi 
ents include but are not limited to antiadherents, binders, 
coatings disintegrants, fillers, flavors (such as Sweeteners) 
and colors, glidants, lubricants, preservatives, Sorbents. 
The term "diluent as used herein indicates a diluting agent 

which is issued to dilute or carry an active ingredient of a 
composition. Suitable diluents include any Substance that can 
decrease the Viscosity of a medicinal preparation. 

In certain embodiments, compositions and, in particular, 
pharmaceutical compositions can be formulated for systemic 
administration, which includes parenteral administration and 
more particularly intravenous, intradermic, and intramuscu 
lar administration. 

Exemplary compositions for parenteral administration 
include but are not limited to sterile aqueous Solutions, inject 
able solutions or Suspensions including nanoparticles. In 
Some embodiments, a composition for parenteral administra 
tion can be prepared at the time of use by dissolving a pow 
dered composition, previously prepared in a freeze-driedlyo 
philized form, in a biologically compatible aqueous liquid 
(distilled water, physiological solution or otheraqueous solu 
tion). 

The term “lyophilization' (also known as freeze-drying or 
cryodesiccation) indicates a dehydration process typically 
used to preserve a perishable material or make the material 
more convenient for transport. Freeze-drying works by freez 
ing the material and then reducing the Surrounding pressure 
and adding enough heat to allow the frozen water in the 
material to Sublime directly from the solid phase to gas. 

In pharmaceutical applications freeze-drying is often used 
to increase the shelf life of products, such as vaccines and 
other injectables. By removing the water from the material 
and sealing the material in a vial, the material can be easily 
stored, shipped, and later reconstituted to its original form for 
injection. 

In several embodiments nanoparticles herein described are 
delivered to a predetermined target. In some embodiments, 
the target is an in vitro biological system and the method 
comprises contacting target with the nanoparticle herein 
described. 

In some embodiments, a method is provided for delivery of 
an agent to an individual where the method comprises formu 
lating a Suitable nanoparticle according to various disclosed 
embodiments. The nanoparticles may also be formulated into 
a pharmaceutically acceptable composition according to sev 
eral disclosed embodiments. The method further comprises 
delivering a nanoparticle to a Subject. To deliver the nanopar 
ticle to an individual, the nanoparticle or nanoparticle formu 
lations may be given orally, parenterally, topically, orrectally. 
They are delivered in forms suitable for each administration 
route. For example, nanoparticle compositions can be admin 
istered in tablets or capsule form, by injection, inhalation, eye 
lotion, ointment, Suppository, infusion; topically by lotion or 
ointment; and rectally by Suppositories. 
The term “individual' as used herein includes a single 

biological organism including but not limited to plants or 
animals and in particular higher animals and in particular 
Vertebrates such as mammals and in particular human beings. 
The phrases “parenteral administration' and “adminis 

tered parenterally as used herein means modes of adminis 
tration other than enteral and topical administration, usually 
by injection, and includes, without limitation, intravenous, 
intramuscular, intraarterial, intrathecal, intracapsular, 
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intraorbital, intracardiac, intradennal, intraperitoneal, tran 
stracheal, Subcutaneous, Subcuticular, intraarticular, Subcap 
Sular, Subarachnoid, intraspinal and intrasternal, injection and 
infusion. 
The phrases “systemic administration.” “administered sys 

temically.” “peripheral administration” and “administered 
peripherally as used herein mean the administration of a 
nanoparticle or composition thereof other than directly into 
the central nervous system, such that it enters the individuals 
system and, thus, is subject to metabolism and other like 
processes, for example, Subcutaneous administration. 

Actual dosage levels of the active ingredient or agent in the 
pharmaceutical compositions herein described may be varied 
So as to obtain an amount of the active ingredient which is 
effective to achieve the desired therapeutic response for a 
particular individual, composition, and mode of administra 
tion, without being toxic to the individual. 

These therapeutic polymer conjugate may be administered 
to humans and other animals for therapy by any suitable route 
of administration, including orally, nasally, as by, for 
example, a spray, rectally, intravaginally, parenterally, intra 
cistemally and topically, as by powders, ointments or drops, 
including buccally and Sublingually. 

Regardless of the route of administration selected, the 
therapeutic polymer conjugate, which may be used in a Suit 
able hydrated form, and/or the pharmaceutical compositions 
of the present invention, are formulated into pharmaceuti 
cally acceptable dosage forms by conventional methods 
known to those of skill in the art. 

In particular in Some embodiments, the compound deliv 
ered is a drug for treating or preventing a condition in the 
individual. 
The term “drug or “therapeutic agent' indicates an active 

agent that can be used in the treatment, prevention, or diag 
nosis of a condition in the individual or used to otherwise 
enhance the individual’s physical or mental well-being. 
The term “condition” as used herein indicates a usually the 

physical status of the body of an individual, as a whole or of 
one or more of its parts, that does not conform to a physical 
status of the individual, as a whole or of one or more of its 
parts, that is associated with a state of complete physical, 
mental and possibly social well-being. Conditions herein 
described include but are not limited disorders and diseases 
wherein the term “disorder indicates a condition of the living 
individual that is associated to a functional abnormality of the 
body or of any of its parts, and the term “disease' indicates a 
condition of the living individual that impairs normal func 
tioning of the body or of any of its parts and is typically 
manifested by distinguishing signs and symptoms. Exem 
plary conditions include but are not limited to injuries, dis 
abilities, disorders (including mental and physical disorders), 
syndromes, infections, deviant behaviors of the individual 
and atypical variations of structure and functions of the body 
of an individual or parts thereof. 
The term “treatment as used herein indicates any activity 

that is part of a medical care for or deals with a condition 
medically or Surgically. 
The term “prevention” as used herein indicates any activ 

ity, which reduces the burden of mortality or morbidity from 
a condition in an individual. This takes place at primary, 
secondary and tertiary prevention levels, wherein: a) primary 
prevention avoids the development of a disease; b) secondary 
prevention activities are aimed at early disease treatment, 
thereby increasing opportunities for interventions to prevent 
progression of the disease and emergence of symptoms; and 
c) tertiary prevention reduces the negative impact of an 
already established disease by restoring function and reduc 
ing disease-related complications. 

Exemplary compounds that can be delivered by the nano 
particles herein described and that are Suitable as drugs com 
prise compounds able to emit electromagnetic radiations 
(such as 'B isotopes) to be used in radiation treatments (such 
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as boron neutron capture) Additional therapeutic agents com 
prise any lipophilic or hydrophilic, synthetic or naturally 
occurring biologically active therapeutic agent including 
those known in the art. The Merck Index. An Encyclopedia of 
Chemicals, Drugs, and Biologicals, 13th Edition, 2001, 
Merck and Co., Inc., Whitehouse Station, N.J. Examples of 
Such therapeutic agents include, but are not limited to, Small 
molecule pharmaceuticals, antibiotics, steroids, polynucle 
otides (e.g. genomic DNA, cDNA, mRNA, siRNA, shRNA, 
miRNA, antisense oligonucleotides, viruses, and chimeric 
polynucleotides), plasmids, peptides, peptide fragments, 
Small molecules (e.g. doxorubicin), chelating agents (e.g. 
deferoxamine (DESFERAL), ethylenediaminetetraacetic 
acid (EDTA)), natural products (e.g. Taxol. Amphotericin), 
and other biologically active macromolecules such as, for 
example, proteins and enzymes. See also U.S. Pat. No. 6,048, 
736 which lists active agents (therapeutic agents) that can be 
used as therapeutic agent with nanoparticles herein 
described. Small molecule therapeutic agents may not only be 
the therapeutic agent within the composite particle but, in an 
additional embodiment, may be covalently bound to a poly 
mer in the composite. In several embodiments, the covalent 
bond is reversible (e.g. through a prodrug form or biodegrad 
able linkage Such as a disulfide) and provides another way of 
delivering the therapeutic agent. In several embodiments 
therapeutic agent that can be delivered with the nanoparticles 
herein described include chemotherapeutics such as 
epothilones, camptothecin-based drugs, taxol, or a nucleic 
acid such as a plasmid, siRNA, shRNA, miRNA, antisense 
oligonucleotides aptamers or their combination, and addi 
tional drugs identifiable by a skilled person upon reading of 
the present disclosure. 

In some embodiments, the compound delivered is a com 
pound suitable for imaging a cell or tissue of the individual. 
Exemplary compounds that can be delivered by the nanopar 
ticles herein described and that are suitable for imaging com 
prise compounds that contain isotopes such as F isotopes 
for MR imaging, 'F or “Cu for PET imaging etc. 

In particular, the nanoparticles described herein can be 
configured to contain F-containing BA polymers. For 
example, 'Fatoms can be incorporated into a non-cleavable 
or cleavable BA polymer compound. Other locations for the 
'F atoms are possible on the BA polymer component, the 
polyol polymer component, or on the agent to be delivered. 
These and other variations will be apparent to one skilled in 
the art. 

In several embodiments, the nanoparticles herein 
described can be used to deliver chemicals used in the agri 
cultural industry. In another embodiment of the invention, the 
agent delivered by the nanoparticle herein described is a 
biologically active compound having microbiocidal and agri 
cultural utility. These biologically active compounds include 
those known in the art. For example, Suitable agriculturally 
biologically active compounds include, but are not limited to, 
fertilizers, fungicides, herbicides, insecticides, and mildew 
cides. Microbicides are also used in water-treatment to treat 
municipal water Supplies and industrial water systems such as 
cooling waters, white water systems in papermaking. Aque 
ous systems susceptible to microbiological attack or degra 
dation are also found in the leather industry, the textile indus 
try, and the coating or paint industry. Examples of Such 
microbicides and their uses are described, individually and in 
combinations, in U.S. Pat. Nos. 5,693,631, 6,034,081, and 
6,060,466, which are incorporated herein by reference. Com 
positions containing active agents such as those discussed 
above may be used in the same manner as known for the active 
ingredient itself. Notably, because Such uses are not pharma 
cological uses, the polymer of the composite does not neces 
sarily have to meet the toxicity profile required in pharma 
ceutical uses. 

In certain embodiments, nanoparticles comprising polyol 
polymers and BA polymers can also be comprised in a system 
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suitable for delivering any of the compounds herein indicated 
and in particular agents, using a nanoparticle. In some 
embodiments of the system, nanoparticles are provided with 
components Suitable for preparing the nanoparticles for 
administration to an individual. 
The systems herein disclosed can be provided in the form 

of kits of parts. For example the polyol polymers and/or BA 
polymers can be included as a molecule alone or in the pres 
ence of suitable excipients, vehicles or diluents. 

In a kit of parts, polyol polymers, BA polymers, and/or 
agents to be delivered are comprised in the kit independently 
possibly included in a composition together with Suitable 
vehicle carrier or auxiliary agents. For example, polyol poly 
mers and/or BA polymers can be included in one or more 
compositions alone and/or included in a suitable vector. Also, 
an agent to be delivered can be included in a composition 
together with a suitable vehicle carrier or auxiliary agent. 
Alternatively, the agent may be Supplied by the end user and 
may be absent from the kit of parts. Furthermore, the polyol 
polymers, BA polymers and/or agents can be included in 
various forms suitable for appropriate incorporation into a 
nanoparticle. 

Additional components can also be included and comprise 
microfluidic chip, reference standards, buffers, and additional 
components identifiable by a skilled person upon reading of 
the present disclosure. 

In the kit of parts herein disclosed, the components of the 
kit can be provided, with suitable instructions and other nec 
essary reagents, in order to perform the methods here dis 
closed. In some embodiments, the kit can contain the com 
positions in separate containers. Instructions, for example 
written or audio instructions, on paper or electronic Support 
Such as tapes or CD-ROMs, for carrying out the assay, can 
also be included in the kit. The kit can also contain, depending 
on the particular method used, other packaged reagents and 
materials (such as wash buffers and the like). 

Further details concerning the identification of the suitable 
carrier agent or auxiliary agent of the compositions, and 
generally manufacturing and packaging of the kit, can be 
identified by the person skilled in the art upon reading of the 
present disclosure. 

In some embodiments, a nanoparticle may be prepared by 
preparing the individual components of the nanoparticle fol 
lowed by mixing the components in various orders to arrive at 
a desired composite nanoparticle structure. Preparation and 
mixing of components is carried out in Suitable solutions 
known by those skilled in the art. 
The term “mixing as used herein indicates addition of one 

Solution comprising a molecule of interest with another solu 
tion comprising another molecule of interest. For example, an 
aqueous solution of polyol polymers may be mixed with an 
aqueous solution of BA polymers in the context of the present 
disclosure. 
The term “solution' as used herein indicates any liquid 

phase sample containing molecules of interest. For example, 
an aqueous solution of polyol polymers may comprise polyol 
polymers diluted in water or any buffered solution, in particu 
lar aqueous Solutions. 

In some embodiments, a nanoparticle can be prepared by 
mixing polyol polymers with an agent to be delivered (FIGS. 
1 and 2), forming a polyol polymer-agent nanoparticle. In 
other embodiments, a nanoparticle may be prepared by fur 
ther mixing BA polymers with the polyol polymer-agent 
nanoparticle. In other embodiments, a nanoparticle is pre 
pared by mixing polyol polymers with BA polymers, fol 
lowed by mixing an agent to be delivered. In yet other 
embodiments, a nanoparticle is prepared by simultaneously 
mixing polyol polymers, BA polymers, and an agent to be 
delivered. 

In some embodiments, a nanoparticle is prepared by form 
ing a polyol polymer-agent conjugate according to various 
embodiments of the present disclosure, thus preparing a 
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nanoparticle comprised of a polyol polymer-agent conjugate. 
In other embodiments nanoparticles comprised of a polyol 
polymer-agent conjugates may be prepared by dissolving the 
nanoparticles in a Suitable aqueous solution. In yet further 
embodiments, nanoparticles comprised of a polyol polymer 
agent conjugates may be prepared by mixing polyol polymer 
agent conjugates with BA polymers that do or do not provide 
targeting ligand. 

In some embodiments, a nanoparticle can be prepared by 
mixing polyol polymers with a hydrophobic polymer block 
with an agent to be delivered, thus preparing a modified 
micelle according to embodiments of the present disclosure. 
In other embodiments, a nanoparticle may be prepared by 
further mixing the modified micelle with BA polymers. In yet 
other embodiments, a nanoparticle may be prepared by mix 
ing polyol polymers with BA polymers, followed by mixing 
an agent to be delivered, thus preparing a nanoparticle that is 
a modified micelle. 

In some embodiments of the present disclosure, a nanopar 
ticle can be prepared by mixing lipids conjugated with polyol 
polymers with BA polymers and/or agents to be delivered, 
thus preparing a modified liposome. In various embodiments, 
a nanoparticle may be prepared by mixing lipids conjugated 
with polyol polymers with BA polymers, followed by mixing 
agents to be delivered. In other embodiments, a nanoparticle 
may be prepared by mixing lipids conjugated with polyol 
polymers with agents to be delivered. In other embodiments, 
a nanoparticle may be prepared by mixing lipids conjugated 
with polyol polymers with agents to be delivered, followed by 
mixing BA polymers, thus preparing a nanoparticle that is a 
modified liposome. 
The formation of nanoparticles according to several 

embodiments of the present disclosure can be analyzed with 
techniques and procedures known by those with skill in the 
art. For example, in several embodiments, gel retardation 
assays are used to monitor and measure the incorporation of 
a nucleic acid agent within a nanoparticle (Example 10). In 
several embodiments, a Suitable nanoparticle size and/or Zeta 
potential can be chosen using known methods (Example 11). 

Further details concerning the identification of the suitable 
carrier agent or auxiliary agent of the compositions, and 
generally manufacturing and packaging of the kit, can be 
identified by the person skilled in the art upon reading of the 
present disclosure. 

EXAMPLES 

The methods system herein described are further illus 
trated in the following examples, which are provided by way 
of illustration and are not intended to be limiting. A person 
skilled in the art will appreciate the applicability of the fea 
tures described in detail for methods of nucleic acid detection 
and detection of other targets, such as proteins, antigens, 
eukaryotic or prokaryotic cells, and the like. 

All chemical reagents were obtained from commercial 
suppliers and were used as received without further purifica 
tion. Polymer samples were analyzed on a Viscotek GPC 
System equipped with a TDA 302 triple detector array con 
sisting of a differential refractive index (RI) detector, a dif 
ferential viscometer and a low angle light scattering detector. 
A 7.5% acetic acid solution was used as eluantata 1 mL/min 
flow rate. 
pGL3, a plasmid containing the firefly luciferase gene was 

extracted and purified from bacteria expressing pGL3. SiGL3 
was purchased from Integrated DNA Technologies (sequence 
provided below). SiCON1 (sequence provided below) was 
purchased from Dharmacon. HeLa cells were used to deter 
mine the efficacy of pDNA or siRNA delivery by the cationic 
mucic acid diamine-DMS polymer. 
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TABLE 1. 

siRNA sequences 

Plasmid Sequences SEO ID NO 

SiGL3 GUGCCAGAGUCCUUCGAUATT SEO ID NO: 1 
(sense) 
UAUCGAAGGACUCUGGCACdTclT SEO ID NO: 2 
(antisense) 

SiCON1 UAGCGACUAAACACAUCAAUU SEO ID NO: 3 
(sense) 
UUGAUGUGUUUAGUCGCUAUU SEO ID NO: 4 
(antisense) 

Example 1 

Synthesis of Mucic Acid Dimethyl Ester, (1) 

5 g (22.8 mmol) of mucic acid (Aldrich) was added to a 500 
mL round bottom flask containing 120 mL of methanol and 
0.4 mL of concentrated sulfuric acid. This mixture was 
allowed to reflux at 85°C. overnight under constant stirring. 
The mixture was subsequently filtered, washed with metha 
nol and then recrystallized from a mixture of 80 mL methanol 
and 0.5 mL triethylamine. After drying under vacuum over 
night, 8.0 g (33.6 mmol. 71%) of mucic acid dimethyl ester 
was obtained. 'HNMR(CD) SO) 84.88-4.91 (d. 2H), 4.78 
4.81 (m, 2H), 428-4.31 (d. 2H), 3.77-3.78 (d. 2H), 3.63 (s, 
6H). ESI/MS (m/z): 261.0 M+Nat 

H2SO4/MeOH 

O OH 

Mucic acid 

OH 

MeO 

Example 2 

Synthesis of N-BOC-Protected Mucic Acid Diamine, 
(2) 

A mixture of 8 g (33.6 mmol) of Mucic Acid Dimethyl 
Ester (1; Example 1), 12.4 mL (88.6 mmol) triethylamine and 
160 mL methanol was heated under reflux at 85°C. in a 500 
mL round bottom flask under constant stirring for 0.5 h prior 
to the addition of 14.2 g (88.6 mmol) N BOC diamine 
(Fluka) dissolved in methanol (32 mL). This reaction suspen 
sion was then returned to reflux. After refluxing overnight, the 
mixture was filtered, washed with methanol, recrystallized 
from methanol and then dried under vacuum to yield 9.4 g (19 
mmol, 57%) of N-BOC-Protected Mucic Acid Diamine. H 
NMR((CD) SO) & 7.66 (m, 2H), 6.79 (m, 2H), 5.13-5.15 (d. 
2H), 4.35-4.38 (d. 2H), 408-4.11 (m, 2H), 3.78-3.80 (d. 2H), 
2.95-3.15 (m, 8H), 1.38 (s. 18). ESI/MS (m/z): 517.1 
M+Na" 
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MeO 

Example 3 

Synthesis of Mucic Acid Diamine, (3) 

8 g (16.2 mmol) of the N BOC-Protected Mucic Acid 
Diamine (2: Example 2) was transferred to a 500 mL round 
bottom flask containing 3 M HCl in methanol (160 mL) and 
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H 

1- O 
HN rk 

N-BOC diamine 

r-risk O 

allowed to reflux overnight at 85°C. under constant stirring. 
The precipitate was subsequently filtered, washed with 
methanol and vacuum dried overnight to give 5.7 g (15.6 
mmol, 96%) of Mucic Acid Diamine. "H NMR((CD) SO) & 
7.97 (m, 8H), 5.35-5.38 (m, 2H), 4.18-4.20 (m, 2H), 3.82 (m, 
2H), 3.35-3.42 (m, 8H), 2.82-2.90 (m, 4H). ESI/MS (m/z): 
2.94.3 M",317.1 M+Na",333.0M+K" 

Example 4 

Mucic Acid Diamine-DMS Copolymer (MAP), (4) 

A 1.5 mL eppendorff tube was charged with a solution of 
85.5 mg (0.233 mmol) of the bis(hydrochloride) salt of 
Example 3 (3) in 0.8 mL of 0.1 M NaHCO. 
Dimethylsuberimidate.2HCl (DMS, Pierce Chemical Co., 
63.6 mg, 0.233 mmol) was added and the solution was vor 
texed and centrifuged to dissolve the components. The result 
ing mixture was stirred at room temperature for 15 h. The 
mixture was then diluted to 8 mL with water and the pH was 
brought to 4 with the addition of 1 NHC1. This solution was 
then dialyzed with a 3500 MWCO dialysis membrane (Pierce 
pleated dialysis tubing) in ddHO for 24 h. The dialyzed 
Solution was lyophilized to dryness to give 49 mg of a white 
fluffy powder. "H NMR (500 MHz, dDMSO)89.15 (bs), 7.92 
(bs), 5.43 (bs), 4.58 (bs), 4.17 (bs), 3.82 (bs), 3.37 (bs), 3.28 
(bs), 2.82 (bs), 2.41 (bs), 1.61 (bs), 1.28 (bs). 'C NMR (126 
MHz, dDMSO) & 174.88 (s, 1H), 168.38 (s, 1H), 71.45 (s, 
4H), 71.22 (s.3H), 42.34 (s. 2H), 36.96 (s.3H), 32.74 (s.3H), 
28.09 (s, 4H), 26.90 (s, 4H). Mw IGPC=2520, 
MW/Mn=1.15. 
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-continued Polymer 4 is an example of a cationic A-B type (repeating 
structure is ABABAB . . . ) polymer containing a polyol. 25 

Example 5 

Boronic Acid-Amide-PEG sooo, (5) 30 

When a polymer of Example 4 is assembled with nucleic 
acids, e.g., siRNAS, they will form nanoparticles. These 
nanoparticles will need to have steric stabilization to be used 
in mammals and optionally they could have targeting agents 
included. To perform these two functions, the nanoparticles 
can be decorated with PEG for steric stabilization and PEG 
targeting ligands. To do so, PEG compounds containing 
boronic acids are prepared. For example, a PEG containing 
boronic acid can be synthesized according the example 
below. 

35 

40 

332 mg of 4-carboxyphenylboronic acid (2 mmol) was 
dissolved in 8 mL of SOCl. To this was added a few drops of 
DMF and the mixture was refluxed under argon for 2 h. 45 
Excess SOCl was removed under reduced pressure and the 
resulting solid was dissolved in 10 mL of anhydrous dichlo 
romethane. To this solution was added 500 mg of PEG so 
NH. (2 mmol) and 418 uL of triethylamine (60 mmol) dis 
solved in 5 mL of dichloromethane at 0°C. under argon. The 
resulting mixture was warmed to room temperature and stir 
ring was continued overnight. The dichloromethane solvent 
was removed under reduced pressure and the resulting liquid 
was precipitated with 20 mL of diethyl ether. The precipitate 
was filtered, dried and re-dissolved in ddHO. The aqueous 
solution was then filtered with a 0.45 um filter and dialyzed 
with a 3500MWCO dialysis membrane (Pierce pleated dialy 
sis tubing) in ddHO for 24 h. The dialyzed solution was 
lyophilized to dryness. HNMR (300 MHz, dDMSO) & 7.92 
7.77 (m), 4.44 (d), 4.37 (t), 3.49 (m), 2.97 (s). 60 

HO O 
V 1. SOCI, DMF 
B -e- 

M 2. Et3N, HN-PEGsk 65 
HO OH 

50 

55 

HO O 
V 
B 
/ 

HO HN-PEGsk 

5 

Example 6 

Boronic Acid-Disulfide-PEGs, (6) 

A cleavable version (under reducing conditions) of the 
PEG compound of Example 5 can also be synthesized as 
follows. 

250 mg of PEG sooo-SH (0.05 mmol, LaySan Bio Inc.) was 
added to a glass vial equipped with a stirbar. To this was added 
110 mg of aldrithiol-2 (0.5 mmol, Aldrich) dissolved in 4 mL 
of methanol. The solution was stirred at room temperature for 
2 h after which, 77 mg of mercaptophenylboronic acid (0.5 
mmol, Aldrich) in 1 mL of methanol was added. The resulting 
Solution was stirred for an additional 2 hat room temperature. 
Methanol was removed under vacuuo and the residue was 
re-dissolved in 2 mL of dichloromethane. 18 mL of diethyl 
ether was added to the dichloromethane solution and the 
mixture was allowed to sit for 1 h. The resulting precipitate 
was collected via centrifugation, washed several times with 
diethyl ether and dried. The dried solid was re-dissolved in 
water, filtered with a 0.45 um filter and dialyzed with a 3500 
MWCO dialysis membrane (Pierce pleated dialysis tubing) in 
ddHO for 15 h. The dialyzed solution was lyophilized to 
dryness. "H NMR (300 MHz, dDMSO) & 8.12-8.00 (m), 
7.83-7.72 (m), 7.72-7.61 (m), 7.61-743 (m), 3.72 (d. J=5.4), 
3.68-3.15 (m), 3.01-2.83 (m). 

MeOH 
HS-PEGsk o 

S N ()- \ \ / 
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Example 7 

Synthesis of (2,3,5,6)-Tetrafluorophenyl Boronic 
Acid-PEG sooo, (7) 

A fluorinated version of the PEG compound containing 
boronic acids of Example 5 can be synthesized and used as an 
imaging agent with the therapeutic nanoparticle. The fluorine 
atoms for imaging can be incorporated as described and illus 
trated below. 

(2,3,5,6)-fluorocarboxyphenylboronic acid is dissolved in 
excess SOCl (~100 eq.) and to it is added a few drops of 
DMF. The mixture is refluxed under argon for 2 h. Excess 
SOCl is removed under reduced pressure and the resulting 
residue is dissolved in anhydrous dichloromethane. To this 
solution, PEG sooo-NH. (1 eq.) and triethylamine (30 eq.) 
dissolved in dichloromethane is added at 0°C. under argon. 
The resulting mixture is warmed to room temperature and 
stirring is continued overnight. The dichloromethane solvent 
is removed under reduced pressure and the resulting liquid is 
precipitated with diethyl ether. The precipitate is filtered, 
dried and re-dissolved in ddHO. The aqueous solution is 
then filtered with a 0.45 um filter and dialyzed with a 3500 
MWCO dialysis membrane (Pierce pleated dialysis tubing) in 
ddHO for 24 h. The dialyzed solution is lyophilized to dry 
CSS. 

HO O 
1. SOCI2, DMF 

B He 

HO OH 

HO O 

HO HN-PEG 

The fluorine containing compound is useful to provide 'F 
in the nanoparticle. The F can be detected by magnetic 
resonance spectroscopy using a standard patient MRI. The 
addition of the F enables the nanoparticles to be imaged 
(can be done for just imaging or with the addition of a thera 
peutic agent can allow for imaging and therapy). 
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Example 8 

Synthesis of (2,3,5,6)-Tetrafluorophenyl Boronic 
Acid-Disulfide-PEG sooo (8) 

A fluorinated version of the cleavable PEG compound 
containing boronic acids of Example 5 can be synthesized 
and used as an imaging agent with the therapeutic nanopar 
ticle. The fluorine atoms for imaging can be incorporated as 
described and illustrated below. 
250 mg of PEG sooo-SH (0.05 mmol, LaySanBio Inc.) are 

added to a glass vial equipped with a stirbar. To this is added 
110 mg of aldrithiol-2 (0.5 mmol, Aldrich) dissolved in 4 mL 
of methanol. The solution is stirred at room temperature for 2 
h after which, 77 mg of (2,3,5,6)-fluoro-4-mercaptophenyl 
boronic acid (0.5 mmol) in 1 mL of methanol is added. The 
resulting solution is stirred for an additional 2 h at room 
temperature. Methanol is removed under vacuuo and the resi 
due is re-dissolved in 2 mL of dichloromethane. 18 mL of 
diethyl ether is added to the dichloromethane solution and the 
mixture is allowed to sit for 1 h. The resulting precipitate is 
collected via centrifugation, washed several times with 
diethyl ether and dried. The dried solid is re-dissolved in 
water, filtered with a 0.45 um filter and dialyzed with a 3500 
MWCO dialysis membrane (Pierce pleated dialysis tubing) in 
ddHO for 15 h. The dialyzed solution is lyophilized to dry 
CSS. 

F F 

OH 
/ 

HS B 

Yon 
\ / v F F 

N S-PEGSK 
F F 

H-He 

HO 
V 
B S 

HO S-PEG5K 

Example 9 

Synthesis of Boronic Acid-PEGs-Transferrin, (9) 

A targeting agent could be placed at the other end of the 
PEG from the boronic acid in the compounds of Examples 
5-8, for example according to an approach schematically 
illustrated in FIG. 12 with reference to attachment of trans 
ferrin. 

Thus, the components of a system containing nucleic acids 
as the therapeutic could be (targeting ligand could be a protein 
like transferrin (FIG. 12), an antibody or antibody fragment, 
a peptide like RGD or LHRH, a small molecule like folate or 
galactose, etc.). Aboronic acid PEGylated targeting agent can 
be synthesized as follows. 

In particular, to synthesize the Boronic Acid PEG sooo 
Transferrin according to the approach Schematically illus 
trated in FIG. 12 the following procedure was performed. A 
solution of 10 mg (0.13 mol) of Human holo-Transferrin 
(iron rich) (Sigma Aldrich) in 1 mL of 0.1M PBS buffer (p.H. 
7.2) was added to 3.2 mg of OPSS-PEG sooo-SVA (5 eq, 0.64 
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umol. LaysanBio Inc.). The resulting Solution was stirred at 
room temperature for 2 h. The PEGylated Transferrin was 
purified from the unreacted OPSS-PEG sooo-SVA using an 
Ultracel 50,000 MWCO (Amicon Ultra-4, Millipore) and 
from unreacted Transferrin using a gel filtration column 
G3000SWx1 (Tosoh Biosep) (confirmed by HPLC and 
MALDI-TOF analysis). 100 ug of the OPSS-PEGs, PEGy 
lated Transferrin in 100 uL was then incubated at room tem 
perature with 20LL, 4-mercaptophenylboronic acid (1 g/LL. 
20 ug. 100 eq) for 1 h. After incubation, the solution was 
dialyzed twice with a YM-30,000 NMWI device (Millipore) 
to remove excess 4-mercaptophenylboronic and the pyridyl 
2-thione by-product. 

Example 10 

Formulation of MAP-Nucleic Acid Particles Gel 
Retardation Assay 

As diagramed in FIG. 1, 1 lug of plasmid DNA or siRNA in 
DNAse and RNASe free water (0.1 lug/uL. 10 uL) was mixed 
with 10 uL of MAP at various concentrations in DNAse and 
RNASe free water to give charge ratios (“+ charge on poly 
merto '-' charge on nucleic acid) of 0.5, 1, 1.5, 2, 2.5, and 5. 
The resulting mixtures were incubated for 30 minutes at room 
temperature. 10 uL of the 20 L solutions were loaded onto a 
1% agarose gel with 3.5 uL of loading buffer and the gel was 
electrophoresed at 80 V for 45 minutes as shown in FIG.3 and 
4. Nucleic acid that is not contained within the nanoparticle 
will migrate on the gel. These results give guidance to the 
charge ratios necessary for nucleic acid containment within 
the nanoparticles. 

Example 11 

Particle Size and Zeta potential of MAP-Nucleic 
Acid Particles 

1 ug of plasmid DNA in DNAse and RNASe free water (0.1 
ug/uL. 10 uL) was mixed with 10 uL of MAP at various 
concentrations in DNAse and RNASe free water to give 
charge ratios of 0.5, 1, 1.5, 2, 2.5, and 5. The resulting mix 
tures were incubated for 30 minutes at room temperature. The 
20 uL mixture was then diluted with DNAse and RNASe free 
water to 70 uL for particle size measurements. This 70 L 
solution was then diluted to 1400 uL with 1 mM KCl for Zeta 
potential measurements. The particle size and Zeta potential 
measurements were made on a ZetaPals dynamic light scat 
tering (DLS) instrument (Brookhaven Instruments). The 
results are shown in FIG. 5. 

Example 12 

Particle Size Stabilization by PEGylation with 
Boronic Acid PEGs 

As diagrammed in FIG. 2, 2 ug of plasmid DNA in DNAse 
and RNASe free water (0.45ug/uL, 4.4 uL) was diluted to 80 
uL in DNAse and RNASe free water. This plasmid solution 
was mixed with 4.89 ug of MAP (0.5 lug/uL. 9.8 L) also 
diluted to 80 uL in DNAse and RNASe free water to give a 
3+/- charge ratio and a final plasmid concentration of 0.0125 
ug/uL. The resulting mixture was incubated for 30 minutes at 
room temperature. To this solution was added 480 ug of 
boronic acid PEGs, (compound 6: Example 6), (20 g/LL. 
24 LL). This mixture was then incubated further for 30 min 
utes, dialyzed twice in DNAse and RNASe free water with a 
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0.5 mL 100,000 MWCO membrane (BIOMAX, Millipore 
Corporation) and reconstituted in 160 uL of DNAse and 
RNASe free water. Half of the solution was diluted with 1.4 
mL of 1 mM KCl for Zeta potential measurements (FIG. 6). 
Note that the Zeta potential of the BA containing nanopar 
ticles show a lower Zeta potential than the nanoparticles that 
do not. These results support the conclusion that the BA 
containing nanoparticles have the BA localized on the exte 
rior of the nanoparticles. The other half was used to measure 
the particle size. The particle size was measured every minute 
for 5 minutes after which, 10.2 u of 10xPBS was added such 
that the final 90.2 uL solution was in 1xEBS. The particle size 
was then measured again every minute for another 10 minutes 
as shown in FIG. 7. The BA containing nanoparticles sepa 
rated from non-particle components (by filtration) are stable 
in PBS while the particles without the BA are not. These data 
Support the conclusion that the BA containing nanoparticles 
have the BA localized on their exterior as they are stabilized 
against aggregation in PBS. 

Example 13 

Transfection of MAP/pDNA Particles into HeLa 
Cells 

HeLa cells were seeded at 20,000 cells/well in 24 well 
plates 48 h prior to transfection and grown in medium Supple 
mented with 10% FBS. MAP particles were formulated to 
contain 1 lug of pGL3 in 200 uL of Opti-MEMI at various 
charge ratios of polymer to plDNA (refer to Example 9). 
Growth medium was removed, cells washed with PBS and the 
particle formulation was added. The cells were subsequently 
incubated at 37° C. and 5% CO, for 5 h before the addition of 
800 uL of growth medium supplemented with 10% FBS. 
After 48 h of incubation, a fraction of the cells were analyzed 
for cell viability using an MTS assay. The remaining cells 
were lysed in 100 uL of 1 x Luciferase Cell Culture Lysis 
Reagent. Luciferase activity was determined by adding 100 
uL of Luciferase Assay Reagent to 10 ul of cell lysate and 
bioluminescence was quantified using a Monolight luminom 
eter. Luciferase activity is Subsequently reported as relative 
light units (RLU) per 10,000 cells. Results are shown in FIG. 
8 and FIG. 9. 

Example 14 

Co-transfection of MAP/pDNA and/or siRNA 
Particles into HeLa Cells 

HeLa cells were seeded at 20,000 cells/well in 24 well 
plates 48 h prior to transfection and grown in medium Supple 
mented with 10% FBS. MAP particles were formulated to 
contain 1 lug of pCL3 and 50 nM of siGL3 in 200 uL of 
Opti-MEMI at a charge ratio of 5+/-. Particles containing 
only pGL3 or pGL3 and siCON were used as controls. 
Growth medium was removed, cells washed with PBS and the 
particle formulation was added. The cells were subsequently 
incubated at 37° C. and 5% CO, for 5 h before the addition of 
800 uL of growth medium supplemented with 10% FBS. 
After 48 h of incubation, the cells were assayed for Luciferase 
activity and cell viability as described in Example 12. Results 
are shown in FIG. 10. Since the RLU is lowered in transfec 
tions with the siCL3 (correct sequence), both the siGL3 and 
the pGL3 must be co-delivered. 
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Example 15 

Transfection of MAP/SiGL3 into HeLa-LUC Cells 

HeLa-LUC cells (contain gene encoding for the firefly 
luciferase protein) were seeded at 20,000 cells/well in 24 well 
plates 48 h prior to transfection and grown in medium Supple 
mented with 10% FBS. MAP particles were formulated to 
contain 50 and 100 nM siCL3 in 200 uL of Opti-MEMI at a 
charge ratio of 5+/-. Growth medium was removed, cells 
were washed with PBS and the particle formulation was 
added. The cells were subsequently incubated at 37° C. and 
5% CO, for 5 h before the addition of 800 uL of growth 
medium supplemented with 10% FBS. After 48 h of incuba 
tion, the cells were assayed for Luciferace activity and cell 
viability as described in Example 12. Results are shown in 
FIG. 11. Since the RLUs decline with increasing concentra 
tion of SiGL3, these data Suggest that inhibition of an endog 
enous gene can occur. 

Example 16 

Synthesis of Mucic Acid Diiodide, (10) 

1 g (2.7 mmol) of mucic acid diamine (Example 3) was 
mixed with 3.8 mL (27.4 mmol) of triethylamine and 50 mL 
of anhydrous DMF prior to the dropwise addition of 1.2 mL 
(13.7 mmol) iodoacetylchloride in a 250 mL round bottom 
flask. This mixture was allowed to react overnight under 

NH2 O 

HO sus 
O O 

constant stirring at room temperature. The solvent was Sub 
sequently removed by vacuum pump, the product filtered, 
washed with methanol and dried under vacuum to yield 0.8 g. 
(1.3 mmol, 46%) of mucic acid diiodide. "H NMR 
((CD) SO) & 8.20 (s2H), 2H), 7.77 (s. 2H), 4.11 (m, 2H), 
4.03 (m, 2H), 3.79 (m, 2H), 3.11-3.17 (m, 2H), 1.78 (d. 2H). 
ESI/MS (m/z): 652.8 M+Na" 

OH OH Q 
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-continued 

O OH OH Q 

O OH OH O 
10 

Example 17 

Synthesis of Mucic Acid Dicysteine, (11) 

To 7 mL of 0.1 M degassed sodium carbonate was added 17 
mg of L-cysteine and 0.4 g of mucic acid diiodide. The 
resulting suspension was brought to reflux at 150° C. for 5 h 
until the solution turned clear. This mixture was then cooled 
to room temperature and adjusted to pH 3 via 1 NHC1. Slow 
addition of acetone was then employed for product precipi 
tation. After filtration, washing with acetone and vacuum 
drying, 60 mg of crude product was obtained. 

NH 

HO SH 
'' 1. 

O 

H 
N 1N1 r’s H 

O NH OH 2 6H 
11 

Example 17 

Synthesis of Mucic Acid Dicysteine, (11) 

To 20 mL of 0.1 M degassed sodium phosphate buffer at pH 
7.5 in a 50 mL round bottom flask was added 0.38 g of 
L-cysteine (3.2 mmol) and 0.40 g (0.6 mmol) of mucic acid 
diiodine. The resulting Suspension was allowed to reflux at 
75° C. overnight, cooled to room temperature and lyo 
philized. 80 mL of DMF was subsequently added to this 
lyophilized light brown powder and separation of the 
insoluble excess reagent and phosphate salts from the soluble 
product was achieved by filtration. DMF was removed under 
reduced pressure and the product was vacuum dried to give 12 
mg (0.02 mmol. 3%) of mucic acid dicysteine. 
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argon in a 2 neck 10 mL round bottom flask. After 10 min of 
stirring, 9 uL (65.1 umol) of anhydrous DIEA was transferred 
to the reaction vessel under argon. This mixture was stirred 
under argon overnight. The polymer containing solution was 
then dialyzed using a 10 kDa membrane centrifugal device 
and lyophilized to yield 47 mg (58%) of Poly(Mucic Acid 

Example 18 
2O Polymer Synthesis, (Poly(Mucic Acid-DiCys-PEG)) 

(12) 

12 mg (21.7 Limol) of mucic acid dicysteine and 74 mg 

DiCys-PEG). 
(21.7 umol) of PEG-DiSPA 3400 were dried under vacuum 
prior to the addition of 0.6 mL of anhydrous DMSO under 
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This polymer containing polyols is an anionic AB polymer. 

Example 19 

Covalent Attachment of Drug (Camptothecin, CPT) 
to Mucic Acid Polymer, (13) 

10 mg (2.7 umol of repeat units) of Poly(Mucic Acid 
DiCys-PEG) was dissolved in 1.5 mL of anhydrous DMSO in 
a glass jar. After stirring for 10 min, 1.1 uL of DIEA (6.3 
umol), 3.3 mg (6.3 umol) of TFA-Gly-CPT, 1.6 mg (8.1 umol) 
of EDC and 0.7 mg (5.9 umol) of NHS were added to the 
reaction mixture. After stirring for 8 hrs, 1.5 mL of ethanol 
was added and the solvents were removed under reduced 
pressure. The precipitate was dissolved in water and insoluble 
materials were removed by filtration through a 0.2 um filter. 
The polymer Solution was then dialyzed against water via a 10 
kDa membrane and subsequently lyophilized to give the Poly 
(Mucic Acid-DiCys-PEG)-CPT conjugate. 
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tering (DLS) using a ZetaPALS (Brookhaven Instrument Co) 
Instrument. 3 Successive runs of 1 min each were Subse 
quently recorded and averaged. The Zeta potentials of both 
compounds was measured in a 1.1 mM KCl solution using a 
ZetaPALS (Brookhaven Instrument Co.) Instrument. 10 suc 
cessive automated runs at target residuals of 0.012 were then 
performed and results averaged (FIG. 14). In particular, there 
two distributions were measured for the poly(Mucic Acid 
DiCys-PEG)-CPT conjugate the predominant distribution 
was a 57 nm (60% of the total particle population). A second 
minor distribution was also was measured at 233 nm. 

Example 21 

Formulation of Boronic Acid-PEGylated 
Nanoparticle with CPT-Mucic Acid Polymer (13) 
and Boronic Acid-Disulfide-PEGs (6) in Water 

The boronic acid PEGylated poly(Mucic Acid-DiCys 
PEG)-CPT nanoparticle is formulated by dissolving the poly 

rtres--- 

Example 20 mer in double distilled water at a concentration of 0.1 mg/mL 
followed by the addition of Polymer 6 (BA-PEG) also in 
water, such that the ratio of BA-PEG to the diols on the mucic 
acid sugar in the poly(Mucic Acid-DiCys-PEG)-CPT conju 
gate is 1:1. The mixture is incubated for 30 mins after which 

60 

Formulation of Nanoparticle with CPT-Mucic Acid 
Polymer (13) in Water, (20) 

The Effective diameters of poly(Mucic Acid-DiCys-PEG) 
and poly(Mucic Acid-DiCys-PEG)-CPT conjugate were 65 
measured by formulating the polymers in double distilled 
water (0.1-10 mg/mL) and evaluated via dynamic light scat 

the effective diameter and Zeta potential are measured using a 
ZetaPALS (Brookhaven Instrument Co) instrument. 
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Example 22 

Targeted Nanoparticles for plNA Delivery in Mice 

The plasmid pApoE-HCRLuc contains the gene to express 
luciferase and is under the control of a liver specific promoter. 
Polymer (MAP) 4 (0.73 mg), polymer 6 (73 mg) and polymer 
9 (0.073 mg) were combined in 5 mL of water and then 1.2 
mL of water containing the pApoE-HCRLuc plasmid were 
added (gives a charge ratio of polymer 4 to the plasmid of +3). 
The particles were placed in D5W (5% glucose in water) by 
successive spin filtering with subsequent additions of D5W 
(starting from the initial formulation that was in water). Nude 
mice were implanted with Hepa-1-6 liver cancer cells and 
tumors were allowed to grow until a size of approximately 
200 mm. Injections of the targeted nanoparticles were done 
i.V. in the tail vein at an amount equal to 5 mg plasmid/kg 
mouse. The mice were imaged 24 hours after the injections. 
The mice showed no signs of toxicity and there was luciferase 
expression detected in the region of the tumor and not in the 
region of the liver. 
The examples set forth above are provided to give those of 

ordinary skill in the art a complete disclosure and description 
of how to make and use the embodiments of the particles, 
compositions, systems and methods of the disclosure, and are 
not intended to limit the scope of what the inventors regard as 
their disclosure. Modifications of the above-described modes 
for carrying out the disclosure that are obvious to persons of 
skill in the art are intended to be within the scope of the 
following claims. All patents and publications mentioned in 
the specification are indicative of the levels of skill of those 
skilled in the art to which the disclosure pertains. All refer 
ences cited in this disclosure are incorporated by reference to 
the same extent as if each reference had been incorporated by 
reference in its entirety individually. 
The entire disclosure of each document cited (including 

patents, patent applications, journal articles, abstracts, labo 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 4 

<21 Os SEQ ID NO 1 
&211s LENGTH: 21 
212s. TYPE RNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: siRNA 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (2O) ... (2O 
<223> OTHER INFORMATION: deoxythymidine 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (21 
<223> OTHER INFORMATION: deoxythymidine 

<4 OOs SEQUENCE: 1 

gugccagaglu ccuucgallan in 

SEO ID NO 2 
LENGTH: 21 

TYPE RNA 

ORGANISM: Artificial sequence 
FEATURE; 

OTHER INFORMATION: 
FEATURE; 

siRNA 

5 

10 

15 

25 

30 

35 

44 
ratory manuals, books, or other disclosures) in the Back 
ground, Summary, Detailed Description, and Examples is 
hereby incorporated herein by reference. 

It is to be understood that the disclosures are not limited to 
particular compositions or biological systems, which can, of 
course, vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting. As used 
in this specification and the appended claims, the singular 
forms “a,” “an and “the include plural referents unless the 
content clearly dictates otherwise. The term “plurality” 
includes two or more referents unless the content clearly 
dictates otherwise. Unless defined otherwise, all technical 
and scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which the disclosure pertains. 

Although any methods and materials similar or equivalent 
to those described herein can be used in the practice for 
testing of the specific examples of appropriate materials and 
methods are described herein. 
A number of embodiments of the disclosure have been 

described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 
and Scope of the present disclosure. Accordingly, other 
embodiments are within the scope of the following claims. 
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- Continued 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (2O) . . (2O) 
<223> OTHER INFORMATION: deoxythymidine 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (21) 
<223> OTHER INFORMATION: deoxythymidine 

<4 OOs, SEQUENCE: 2 

ulaucgaagga cucuggcacn in 

<210s, SEQ ID NO 3 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: siRNA 

<4 OOs, SEQUENCE: 3 

ulagcgaculaa acacaulcalau u. 

<210s, SEQ ID NO 4 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: siRNA 

<4 OOs, SEQUENCE: 4 

ulugauguguu ulagucgculau u. 

What is claimed is: 
1. A nanoparticle comprising a polymer containing a 

polyol and a polymer containing a boronic acid, 
wherein the polymer containing a boronic acid is coupled 

to the polymer containing a polyol with a reversible 
covalent linkage, and 

wherein the nanoparticle is configured to present the poly 
mer containing a boronic acid to an environment exter 
nal to the nanoparticle. 

2. The nanoparticle of claim 1, wherein the polymer con 
taining a polyol comprises one or more of at least one of the 
following structural units 

- a -b) 
-( , )-p-- 

A is an organic moiety of formula 

(I) 

(II) 

(III) 

(IV) 
OH 

R-1–81– |y 2 

35 

40 

45 

50 

55 

60 

65 

21 

21 

21 

in which 
RandR are independently selected from any carbon 

based or organic group with a molecular weight of 10 
kDa or less; 

X is independently selected from an aliphatic group 
containing one or more of —H. —F. —C. —N or 
—O; and 

Y is independently selected from —OH or an organic 
moiety presenting an —OH, and 

B is an organic moiety linking one of the R and R. ofa first 
said moiety A with one of the RandR of a second said 
moiety A in the polymer. 

3. The nanoparticle of claim 2, wherein RandR indepen 
dently have the formula: 

(V) 

wherein 
d is from 0 to 100; 
e is from 0 to 100; 
f is from 0 to 100; 
Z is a covalent bond linking one organic moiety to another, 

and 
Z is independently selected from NH, OH, -SH, 

and COOH. 
4. The nanoparticle of claim 2, wherein 
X is CH, in which n is to 0-5; and 

wherein 
Y is OH. 
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5. The nanoparticle of claim 2, wherein A is independently -continued 
selected from the group consisting of VIII 

pi 

O 
H 

VI 5 z-n-en-> N-ora-7. 
O O 

H 
Sugar N-Spacer HAmino acid, Anti-See- Nite" Ntshe wherein 

O VII 10 the spacer is independently selected from any organic 
group: 

O the amino acid is selected from any organic group bearing 
a free amine and a free carboxylic acid group; 

ZN-hs N-n, and n is 1-20; and 
H s 15 Z is independently selected from NH, -OH, -SH, 

O and COOH. 
6. The nanoparticle of claim 5, wherein A is independently 

selected from 

DX 

X 

XI 

7. The nanoparticle of claim 2, wherein B is 

50 (XXIII) 
-- 

NH 

L O 
I g 

55 NH2 
-- 

(XIV) 
O O 

60 L--~~ L p 

in which 
65 q is 1-20; 

p is 20-200; and 
L is a leaving group. 
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8. The nanoparticle of claim 2, wherein the structural unit 
of formula (I) is: 

(XXV) 

N-1SN 
H 

NH2 
-- 

15 
9. The nanoparticle of claim 2, wherein the structural unit 

of formula (II) is: 

(XXVI) 
-- 

NH 

N N-1 n 
H H 

NH2 
-- 

10. The nanoparticle of claim 2, wherein the structural unit 30 
of formula (III) is: (XXX) 

X (Gunctional group G-R)-(R-Functional group 2) (XXVII) a Y OH 
35 N1 

OH 

wherein 

R and Ra are independently an hydrophilic organic poly 
(XXVIII) mer 

X is an organic moiety containing one or more of —C, 
O OH OH —N. or —B 

O H is s 
n1S N-(-nO 45 Y is an alkyl group of formula —CH2—, in which m is 

H iH OH O pi 21 or an aromatic group, 
r is 1-1000, 

in which a is 0-3, and 
n is 1-20. 50 b is 0-3. 
11. The nanoparticle of claim 1, wherein the polymer con- 13. The nanoparticle of claim 12, wherein R and Ra are 

taining a polyol is (CHCHO), where t is from 2 to 2000. 

12. The nanoparticle of claim 1, wherein the polymer con- 65 14. The nanoparticle of claim 12, wherein X is NH 
taining a boronic acid comprises at least one terminal boronic C(=O)— —S S , —C(=O) NH —O C(=O) 
acid group and has the general formula: or —C(=O)—O— and Y is a phenyl group. 
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15. The nanoparticle of claim 12, wherein r=1, a0 and 
b=1. 

16. The nanoparticle of claim 12, wherein functional group 
1 and functional group 2 are the same or different and are 
independently selected from. —B(OH), —OCH, OH. 

17. The nanoparticle of claim 12, wherein the polymer 
containing a boronic acid is: 

O 

or H S 

HO 
NB 
OH 

(XXXI) 

wherein S=20-300. 
18. The nanoparticle of claim 1, further comprising a com 

pound, wherein the compound forms part of the polymer 
containing a polyol and/or the polymer containing a boronic 
acid. 

19. The nanoparticle of claim 1, further comprising a com 
pound, wherein the compound is attached to the polymer 
containing a polyol and/or the polymer containing a boronic 
acid. 

20. The nanoparticle of claim 1, further comprising a com 
pound, wherein the compound is a therapeutic agent. 

21. The nanoparticle of claim 20, wherein the therapeutic 
agent is a chemotherapeutic agent. 

22. The nanoparticle of claim 1, further comprising a plu 
rality of compounds, wherein at least one compound of the 
plurality of compounds is a targeting ligand. 

23. The nanoparticle of claim 22, wherein the targeting 
ligand is a protein, a small molecule, a full antibody, or an 
antibody fragment. 

24. The nanoparticle of claim 23, wherein the targeting 
ligand is selected from transferrin, folic acid and galactose, 
and the nanoparticle further comprises a therapeutic agent 
selected from camptothecin, an epothilone, a taxane and a 
polynucleotide or any combination thereof. 

25. A composition comprising the nanoparticle of claim 1 
and a suitable vehicle and/or excipient. 

26. The composition of claim 25, wherein the composition 
is a pharmaceutical composition and the Suitable vehicle and/ 
or excipient is a pharmaceutically acceptable vehicle and/or 
excipient. 

27. The composition of claim 26, wherein the nanoparticle 
further comprises F as part of at least one polymer contain 
ing a boronic acid and wherein the least one of the polymer 
containing a boronic acid has the formula 

5 

10 

15 

25 

30 

35 

40 

45 

50 

52 

F O 

F 1(1-1 H S 

HO 
n F 

H F 

B 

O 

(XXXII) 

whereins is 20-300 the composition being formulated for in 
vivo imaging via F NMR spectroscopy. 

28. The composition of claim 26, wherein the nanoparticle 
further comprises "Bas part of at least one polymer contain 
ing a boronic acid the composition being formulated for in 
Vivo boron neutron activation therapy. 

29. A method to deliver a compound to a target, the method 
comprising contacting the target with the nanoparticle of 
claim 20. 

30. The method of claim 29, wherein the target is cancer 
cells within the body of a mammal. 

31. A system to deliver a compound to a target, the system 
comprising 

at least one polymer containing a polyol and at least one 
polymer containing a boronic acid capable of reciprocal 
binding through a reversible covalent linkage, 

the at least one polymer containing a polyol and the at least 
one polymer containing a boronic acid to be assembled 
with the compound in the nanoparticle of claim 20 to be 
used to deliver the compound to the target. 

32. A method to administer a compound to an individual, 
the method comprising 

administering to the individual the nanoparticle of claim 20 
comprising the compound. 

33. A system for administering a compound to an indi 
vidual, the system comprising 

at least one polymer containing a polyol and at least one 
polymer containing a boronic acid capable of reciprocal 
binding through a reversible covalent linkage, 

the at least one polymer containing a polyol and polymer 
containing a boronic acid to be assembled with the com 
pound in a nanoparticle according to claim 20, to be 
administered to the individual. 

34. A method to prepare a nanoparticle comprising a poly 
mer containing a polyol and a polymer containing a boronic 
acid, the method comprising 

contacting the polymer containing a polyol with the poly 
mer containing a boronic acid for a time and under 
condition to allow coupling of the polymer containing a 
polyol with the polymer containing a boronic acid. 

35. A polymer containing a polyol polymer, comprising 
one or more of at least one of the structural units of formula 
(I), (II) and (III) of claim 2, 

wherein the structural unit of formula (I) is: 

(XXV) 

N N 
NH2 
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36. A polymer containing a polyol, comprising one or more 
of at least one of the structural units of formula (I), (II) and 
(III) of claim 2, wherein the structural unit of formula (II) is: 

-- 

NH2 

(XXVI) 

NH2 
-- 

37. A polymer containing a polyol, comprising one or more -continued 
of at least one of the structural units of formula (I), (II) and 
(III) of claim 2, wherein the structural unit of formula (III) is: 

O 

(XXVIII) 

OH OH 
H 

On 1 N N-n (XXVII) 20 N O), 
H OH O 5 

25 wherein n is 1-20. 

38. A polymer containing a polyol having 

40 

45 

(XXIX) 

  

  


